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‘the development/acquisition process and (2) the lack of a comprehensive
set of training analysis tools which are appropriate for the early phases
of design. The ETES will have four major components; a System Descrip-
tion Technology, training estimation aids and procedures, human perfor-
mance simulation models, and a users guide.

The System Description Te-bnnlogy (SDT) will be an automated tool
for describing actual and projecced system elements, including functional
requirements, design concepts, tasks, skills, training program elements
and their associated resources; for storing the above information; for
changing and updating this information; and for transmitting the infor-
mation among all of the participants in the acquisition process.

The training estimation aids and procedures will be specifically
designed for early training estimation. They will include procedures
(automated whenever possible) for (1) identifying comparable equipments,
(2) generating and modifying tasks, (3) generating and modifying courses,
(4) selecting and assigning tasks to training settings and methods, (5)
determining the number of personnel to be trained, (6) determining
training resources, and (7) developing training ccst measures.

The human performance - system performance simulation models will
be used to relate human task performance to system performance. The
simulation rodels will provide the capability for trading off training-
related system elements with other gystem elements.

The User's Guide will provide a detailed, step-by-step- handbook
describing the use of the other three tools to assess early training
requirements.

The first year of the study concentrated on the development of
the SDT, the most important component of ETES. The SDT will provide a
data base management tool which will be capable of describing most of the
major elements of an emerging system. As such, the SDT will provide an
important data base management capability that has wide ranging appli-
cability, far beyond training-crelated issues.

,This yearly report outlines specifications for the SDT development,
provides a description of the physical and operational features of
a prototype SDT concept, and describes the analytical procedures under-
lying the development of this concept.
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PREFACE

This paper is the first yearly report for the Early Training
Estimation System (ETES) development project (Contract No.
MDA-903-80-C-0525). The report is divided into four
sectiona. Section 1 provides an overview of the report, the
ETES study ccmponents, study taske, and the major activities
that were conducted under these tasks during the €first year
of the study. The next three chapters describe the System
Description Technology, the most important component of
ETES. Section 2 presents a set of detailed specifications
for the information elements which must be described by the
SDT. Section 3 describes the results of an evaluation of
current automated tools whicn were considered for
application in the SDT. Section 4 presents a detailed
description of the physical and operational characteristics
of the SDT. ’

A number of J4ifferent analyses and reviews were conducted
during the first year of ths study in support of the SDT
davelopment. These analyses are described in a series of
appendices. Appendix A presents the results of a detailed
review of existing Army acquisition procedures and practices
and their implications for ETES. Appendix B describes some
examples of the types of information which are likely to be
output from the SDT. Appendix C presents the results of a
review of psychological research related to design and its
implications for the SDT. Appendix D reviews psychological
r.search related to human computer interaction, an area of
rescarch closely related to the automated SDT.

xi




The contract monitor for the study was Dr. Charles Jorgansen
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year efforts in ETES develcpment were Cecil Wakelin, Gavin
Livingstone, Ray Walsh, Peter Weddle, Cavid Herlihy, Laurel
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SECTION 1 - SUMMARY

This section summarizes the activities and analyses
conducted during the first year of the Early Training
Estimation System (ETES) development project. The section
is divided into five subsections. Subsection 1.1 reviews
the general trends which are placing heavier and heavier
demands on training development. Subsection 1.2 describes
the specific problems and deficiencies in existing Army
practices which led to the initiation of the ETES project.
Subsection 1.3 presents an overview of the four components
of ETES. Subsection 1.4 describes the major tasks in the
ETES development project. Subsection 1.5 presents a
detailed description of the progress achieved under each of
these tasks during the first year of the study.

1.1 BACKGROUND

The Early Training Estimation System will provide a
capability for systematically estimating training
requirements during the earliest phases of the acquisition
process (mission area analysis, concept exploration - Phase
I, and validation and demonstrution - Phase II). There are
two major reasons why such early estimates cf training
requirements are needed. First, by developing earlier and
more accurate estimates of training requirements, the
training planning process can begin earlier, and thus the
training products asscciated with a system, many of which
require a long lead time, are more likely to be available
when the system is fielded. Second, by developing estimates
of training requirements for the various alternatives which
ace likely to exist during the early pnases of the

1-1




acquisition vrocess, the training developer can provide the
informction needed to effectively influence design with
training-related considerations. The impo-tance of the
latter utilization of early training projections cannot be
overestimated. Most of the major design decisions related
to a new system are made during the early phases of the
acquisition process (see Figure 1-1). Thus, if training is
to influence design, it must impact these early design
decisions. And there is good reason for insuring that
training-related considerations do, in fact, impact
design. Studies have shown that, in most weapon systems,
operation and support costs comprise 50 to 80 percent of
total life cycle cost. Further, over 60 percent of these
operation and support costs are related to manpower,
including the cost of training. Because these costs are the
result of demands generated by the design characteristics of
a system, acquisition policies have been established in the
Federal Government to infure that support requirements are
accurately determined and evaluated 1in conjunctien with
system development (e.g., DoDD 5000.1, DODI 5000.2, and DODD
5000.39). ETES is specifically desigred to provide the Army
with the capability for meeting the training=-related
requirements in these new acquisition policies.

1.2 CURRENT PROBLEMS SURRQUNDING EARLY TRAINING ESTIMATION

Given the clear needs for early training estimation which
were outlined above, one might wonder why a systematic early
training estimation tool has not yet been developed. There
are two reasons for this current gap. First, the needs
described in Sectien 1.1 have only recently been
identified. Second, and most important, current procedures
and practices have three major deficiencies which limit, and
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in most cases prohibit, the development of early estimates

of training requirements. These deficiencies are:

(1)

(2)

Lack of a Systematic Flow of Information Between

Training Developers and QOther Participants in the

Acquisition Process - To develop estimates of

training requirements, training developers must
have information on actual or estimated system
functional requirements and design c¢oncepts as
soon as they are generated and, to maintain the
accuracy of these estimates, these same training
developers must be quickly informed of design
changes and updates. Unfortunately, under current
practices and procedures, training developers do
not receive information on system functional
requirements and design concepts in any systematic
format, nor is there any formal mechanism through
which they can obtain information on systam
updates.

Lack of Estimation Procedures/Aids Appropriate to

the Design Process - Even if training developers

were receiving accurate and timely information on
early system concepts, systematic estimates of
training resources could not be developed because
of the deficiencies in the current state of the
art in training estimation procedures and aids.
Current training technologies are geared to deal
with the type of detailed data and the types of
analytical questions which are relevant to later
phases of the acquisition process. These
technoclogies cannot deal with the special
requirenants of the early phases such as the




identification of comparable existing equipment,
the generation of tasks for systems whose hardware
has not yet been built, the rapid assignment of
tasks, and the rapid estimation of training

resources and costs.

(3) Lack of Simulation Models and Other Evaluative

Tachnologies which Incorporate Human

Performance. Currently, there is not an adequate

set of simulation models which can be used to
relate human task performance to overall system
performance. Without such models, it is difficult
to estimate some of the key interdisciplinary
tradeoffs (e.g., training versus hardware) which
must. be made during the early phases of the
acquisition process.

1.3 ETES COMPONENTS

To deal with the deficiencies described above and to develop
a comprehensive set of early training estimation tools, the
Army Research Institute (ARI) initjated a three-year effort
to develop an Early Training Estimation System (ETES). The
ETES will have four major components: a System Description
Technology (SDT), Training Estimation Aids and Procedures,
duman Performance Simulation Models, and a User's Guide.

1.3.1 System Description Technology (SDT)
The SDT will be an automated tool for describing actual and
projected system elements, including functional

requirements, design concepts, tasks, skills, training
program alements, and their associated resources; for

1-5
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storing the above information; for changing and updating
this information; and for transmitting the information among

all of the participants in the acquisition process.

The SDT is clearly the most important component of ETES and
will be given the greatest amount of attention and resources
during develcpment. In fact, the primary focus of the first
year of the study efforts has been on the development of

specifications for the SDT.

It should be notad that even though the SDT is being

develoved under the auspices of au early training estimation

project, the SDT will provide a data base management tool

which will be capable of describing most of the major

elements of a system (e.g., functional requirements, design,

tasks, skills, and training program elements). As such, the

SDT will provide an important data base management

capability that has wide ranging applicapnility beyond

training related issues.

To provide an effective communication vehicle for training
developers and other participants in the acquisition
process, the SDT will describe (a) training programs and
their associated resources, (b) the tasks which drive these
training programs, (c) the personnel who will ke regquired to
perform the tasks, (d) the system designs which generate the
task requirements, and (2) the functicnal requirements for
which the system desigins have been developed.

In order to provide a capability for early traininag
requirements estimation, the SOT will describe these system
elements during the earlies%t phases of the acquisition
process. To systematically generate data during the early

R




phases of the acquisition process, comparability analysis

procedures will be employed.

More specifically, during the early phases of the
acquisition process when only information on functional
requirements is available, a systematic comparability
analysis can be conducted to identify existing subsystems,
and historical data for these subsystems can be modified to
meet the differential requirements of the new system. By
utilizing design and task data from comparable existing
systems, systematic estimations of early training
requirements can be made when only functional information on
the projected system is available (see Figure 1-2). Later,
as actual design concepts are developed, the comparability
analyses can be used to develop estimates of tasks and
training program elements. Still later, when the actual
system tasks are available, only the training program
elements must be estimated.

The SDOT will thus be capable nut only of describing the
current state of the system during the eariiest phases of
the acquisiticn process, but also of (1) detailing projected
system elements and alternative system concepts, (2)
relating alternative system concepts to a common framework
so that meaningful comparisons can be made, and (3) refining
system information as more accurate and more detailed data
are developed.

1.3.1.1 SDT as a Data Base Management Tool
An extensive review oOf automated tools was conducted during

the first year of the ETES study to identify an extant
technique or approach which would provide the best vehicle

1-7

st

—




10S HO4 SSIO0U4 LNWWIOTIAIC WILSAS T4 IUNODS

€-010-188 m -
sisAjeuy Anpqessdwo) A paswnsy - J
S | *
- NOLLISINDIV
W3L1SAS

B TN S G

1LNIWIHINOIY S1i3IN3IYINDIY
TVNOILONNS

TVYNOILONNI

woy

| S39HNOS3Y | S30UNOS3Y $32UNOS3Y|

. Q3LVID0SSY Q3LVIJO0SSY Q31VIJ0SSY 031VI00SSY
aNV WYYDOUd' lanv wyuooud! lonv wyuooud | | anv wvyooud!
_ ONINIVHL: | ONINIVYL | I ONINIVYL | ' ONINIVHL|

e — — — L - = I |




for STD development. The results of this review indicated
that a Data Base Management System (DBMS) could best fill
the SDT requirements. The Data Base Management System
concept has a number of advantages over other automated
tools. First, DBMSs are specifically designed to deal with
the types of issues which are central to the major problem
facing the SDT - namely, the description, update, expansion
and retrieval of data on an emerging system and the
transmission of this information to a wide range of users.
Second, DBMSs have the capability to be fitted with
input/output mechanisms which are specifically geared for
use by uninitiated users. Third, DBMSs can incorporate
information on the implicit relationships and classes of
information which are applicable tO all weapon systems and
these stored relationships can be used to reduce the input
load on tha user. Fourth, DBMSs can maintain a consistent
internal data base while at the same time allowing different
users to have different "views" of the stored data and
different input and output requirements.

The centralized control provided by a DBMS can, in turn, (1)
reduce redundancy in stored data, (2) avoid inconsistency in
stored data, (3) allow for greater sharing of duta, (4)
permit standards to be enforced, (5) permit security
restrictions to be applied, (6) permit a greater capability
for checking and maintaining data, and (7) provide a
capability for “data independence”. Data independence is
achieved by maintaining an internal structure of the data
which is independent of the individual applications of the
data and individual user viewpoints. This data independence
may be contrasted with data dependent systems in which the
data are stored and accessed in a manner which is dictated
by the structure of the applications.

1-9
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1,3.1.2 Users of SDT

Some of the organizations which are 1likely to be users of
the SDT are the TRADOC system manager for a developing
system, training developments (for the related school)
combat developments, DARCOM Program Management staff for the
daveloping system, the TRADOC Systems Analysis Activity
(TRASANA), the DARCOM Materiel Readiness Support Activity
(MRSA), and individual contractors associated with the
System.

Each user will be connected to the SDT by at least oae

remote terminal. Some primary user organizations (e.g.,
training developments and the DARCOM Program Manager) are
iikely to have more than one terminal since they will have a
number of individuals with a need for SDT data base
information. It is expected that the users of the SDT w.ll
have little, if any, computer skills. Consequently, all of
their interactions with the SDT will be through a highly
transparent user interface which will  utilize nmnenu-
selection, form=filling, and question~and-answer computer
dialogue techniques to elicit input data and commands. This
type of transparent interface will mean that the users will
be required to learn only the commands associated with
calling up the SDT system. From that point on, they will be
led through the utilization of the SDT and will not have to
generate any more commands on their own. (They should, of
course, have read the SDT Users Manual to learn how the SDT
can, and should, be used.)

Nne of the user groups will also serve as the Data Base

Directors (DBDs). The DBDs will have the sare capability as
the pnrimary users for entering, storing, and accessinag SDT

l1-10




information. The Data Base Directors will also have two
additional responsibilities: (1) The DBDs will Dbe
responsible for overseeing the general development of a
system-specific SDT data base, and (2) The DBDs will lave
the capability, together with the SDT Management Group, for
batch input and for producing block diagrams to represent
various system relationships.

The SDT Management Group will be responsible for overseeing
the application of the SDT on an Army-wide basis including
the maintenance and update of the SDT data base programs
relating to data input and output, data storage and
retrieval and the DBMS external, conceptual, and internal
models; operation of the central processor to handle SDT
applications and direct its use among the various SDT users:
assistance to users and DBDs in wutilizing the SDT: and
provision of data to other Arnmy organizations for related
applications (e.g., total force requirements analysis).

1.3.1.3 Physical Description of SDT

Figure 1-3 provides a general descrinption of the SDT
physical characteristics. The Jdesign outlined in Figure 1-3
is intended to minimize requirements for the purchase of new
equipments by participating Army organizations.

1.3.1.4 Overview of SDT Processes

An overview of the general SDT processes is presented in
Figure l=-4. The SDT will have the capability of inputting
data in two different modes: batch input of SDT daza sheets
and acquisition data, and interactive input of SDT datca
sheets. Directions for the interactive inpus of data will

1-11

b




JUNLINYLS TVIISAHI LAS 40 MIIAHIAO €L IUNDILY

p-0T10-188
e
HILNIYG ©
AVdSIO 14D ®
IVNINYIL ©
SH3ISN
\ | /
¥ ~
| ot
]
ey
SIJIA3IA 3dAL * 30IA30 34vV1 ¢
SHIAV3IH qQUVD @ H30v3H OQHvO °®
SWSINVHIIW SH3110714 © Y3110 ©
3I9VHOILS SHIINIUd ® E———> HILNIYD ©
viva e SAVIdSIO 14D ® . AVWTIO LHO ©
ndo ® STVYNINYIL © TYNINY3L ¢
JNOYD LNIWIOVNVW 1OS ¥O1234I0 3SVE Vivo




Z-010-188 uoneedQ ININQANGUY) LS JO MMANAQ ) ey
sis1V 1as
S1S17 10S
a321VI03ds 032NV bt
NOILVYHINID A3I00N ©
3LV ©
3YO01S ©
s1317 108
| QUVANYLS 40 fug- S13IM8
NOILVHINID viva 108
20 1NN
IAILOVYILN
SWYHOVIa i <
%2018 SWea
AJ018 1a8 10 ( )
NOILVHINID u»ww.h .
viva z
=3 W3LSAS % 40 LN Y
ANINIOVNVYIW Hwive ~
ISVEe viva
SLN3INNJ0A
, $313 40 ‘J
NOILVHINID
L3S
vivao
Saavh e NOLLIINOOV
20 104 031V
SLNINND0a HILVE
S1N3IWNJ0Q NOLLISINTOV
NOILLISINDOV , 30 e
NOILVHINID

) =




be provided by the data base director programs. The SDT
input data will be translated into a form which matches an
internal conceptual model contained in the DBMS. Once it
has been translated, the data will be evaluated for
consistency against data already in the data base and, if
consist.ent, the data will be entered into the system-
specific daca base. However, this will be done only after
the Data Base Directors have determined that th2: user has
been cleared to enter that type of data intu the data base.
Once in the data ULase, the data are continuously updated,
modified, and expanded. Direction of these changes is
provided ty the data base directnr programs. Thase sanme
programs are used il. selecting and generating output data.
Five different formats for outputing the data will be
available: specialized SDT lists, standard SDT lists, block
diagrams, output formatted for input into> other ETES
procedures, and output fo. aatted to correspond to the format
requirements of specific~ acquisition documents.

Once the user enters the SDT, he will have option of
entering four possible modes of operation: (1) system
~xaminaticn - this mode is used to exanine data which is
currently in the data base; (2) input - this mode is used to
input daca: (3) update/modify - this mode is used to
eiiminate or modify data already in the data base: and (3)
output - this mode is used to obtain a hard copy ouuput of
elements in the data basae.

1.3.2 Training Estimation Aids and Procedures
Thesa aido and procedures can be divided into two genersl

groups: training data generation technijues and training
estimation technigues. The data generazion technigques are




procedures for ilentifying comparable equipments, generating
and modifying tasks, and generating and modifying courses.
The training estimation techniques include procedures for
selecting and assigning tasks to training settings and
methods, determining the number of personnel to be trained,
determiring training resources, and determining training

costs.

The ETES development study will focus on the development of
the data generation techniques. For the most part, training
estimation techniques will not be developed during the ETES
study. Instead, ETES will incorporate existing estimation
procedures and procedures currently being developed under
other ARI projects (e.g. HARDMAN, Training Developers
Decision Aid).

1.3.3 Human Simulation Models

These models will relate human task performance to overall
system performance. Input for the models will be provided
by the data contained in the SDT. By relating task
performance to system performance, the simulation mcdels
will provide the capability for trading off training-related
systems elements against other system elements.

ARI currently has an ongoing project (i.e. MOPADS) at ARI,
Fort Bliss, to develop advanced human simulation models.

liowever, these models are rather sophisticated and are more
relevant to the types of detailed human performance
questions generated during the later phases of the
acquisition process. Hence, the ETES will focus on (1) the
development of lass detailed simulation models which can be

1-15




meaningfully applied to the types of general questions which
are relevant during the early phases of the acquisition
process and (2) the incorporation of the MOPADS data
requirements into the SDT specifications. The latter effort
will insure that the SDT will be able to feed MOPADS
simulation models as appropriate during the acquisition

process.
1.3.4 User's Guide

The User's Guide will provide a detailed step-by-step
handbook desecribing how the other three ETES tools can and
should be used to assess early training requirements.

1.4 ETES STUDY TASKS

The ETES study is broken down into five basic tasks. Figure
1-5 displays an up-to-date description of these tasks. (The
terminology of the tasks has been changed slightly to
reflect insights developed during the first year of the
study.)

1.5 PROGRESS ON STUDY TASKS

Table 1-1 displays the activities accomplished under each
task and the sections of the report relating to chese
activities, More details are provided below.

1.5.1 Task 1l: Review of Existing Procedures

This task began with a review of existing DoD Army doctrine

and operating procedures related to early training
estimation and system description. The purpose of this

1-16
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review was to identify needs and problems associated with
current procedures and potential roles for ETES in
ameliorating these problems. This review was sunplemented
by a number of interviews with users in the field. The
results of the review and interviews were assessed and
integrated into a description of the current acquisition
process., The gaps in this process were associated with
early training estimation and system description and the
likely role of the SDT (see Appendix A).

In addition to the review of existing Army procedures, four
different benavioral/information science areas related to
the SDT were reviewed: human resource data, automated tools
which might serve as a possible vehicle for the SDT,
psychological research related to design, and research on
human-computer interactions (see Section 2.4, Section 3.0,

Appendix C, and Appendix D respectively).

Psychological research related to design was examined to
identify the individual cognitive processes relevant to
early system design and description. The review of human-
computer interacticn was conducted to identify guidelines
for construction of the SDT human-computer interface.

1.5.2 Task 2: Develop SDT

Utilizing the information developed in the previoius steps,
a detailed description of the data elements to be described
by the SDT was developed (see Section 2). A particular
class of automated tocls (data base management systems) was
then selected and specific tools within this class were
examined in detail (see Section 3). Finally, a detailed
description of the SDT wusers, physical characteritics,




input/output mechanisms, and operational characteristics was

developed (see Section 4).

1.5.3 Tasks 3, 4 and 5
|
|

These three tasks will be performed during the remaining

portion of the ETES study.
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SECTION 2 - SPECIFICATIONS FOR SDT

This section provides a detailed set of specifications for
the functions which must be performed by the SDT, and a
genera! set of requirements for the mechanisms which must be

utilized to perform these functions.

The specifications described in this section were developed
by examining (a) current Army procedures for system
development, requirements analysis (functional analysis),
task generation, and training development; (b) non-Army
research and work in these four areas; (c) previous attempts
to develop system-specific human resource data bases; and
(d) previous discussions of SDT requirements in Status
Report 1, Status Report 2, and Status Report 3.

The section is divided into five subsections. The first
subsection provides an overview of the functional
requirements which must be accomplished by the ETES. The
second subsection provides a detailed description of the
ETES functions and the types of output data associated with
each function. The third subsection outlines some general
requirements for SDT data input/ocutput mechanisms. The
fourth subsection provides a preliminary listing of the
sequence in which the SDT functions must be performed. The
fifth subsection briefly reviews past efforts which have
attempted to identify what should be in system-specific
human resource Zata bases.

2-1




2.1 OVERVIEW OF SDT REQUIREMENTS

The SDT is one of four major components of the Early:
Training Estimation System (see Figure 2-1). The SDT is
clearly the most important component of ETES since it
provides all the basic system information required by the
other ETES components. (This importance is reflected in the
amount of resources and time devoted to SDT development.)

The basic goal of the SDT, as outlined on page three of the
ETES study RFP, is to:

+ =+ + provide the Army training and hardware
development community with an advanced technology for
early generation of improved systeni descriptions
suitable for input into emerging automated training and
hardware developmen- aids.

To effectively estimate early training resource
requirements, the SDT must describe (a) training programs
and their associated resources, (b) the tasks which drive
these training programs, (c) the scystem designs which
generate the task requirements, and (4) the functional
requirements for which the system designs have been
developed. An overview of the application of the SDT to
these four system elements and their role in system
development is Jdescribed in Figure 2-2.

In its initial application to a system, the SDT is used to
dascribe the system functional reguirements which are
generated during functional analysis. These requirements
specify the functions which must ba performed if the system
is to satisfy its designated need. The SDT can be applied
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in a functional analysis as soon as the need for a
particular system has heen specified. Formally, this occurs
at the approval of the requirements document at Milestone O,
the milestone which initiates the Concept Exploration phase
of the acquisition process. However, in actuality, the SOT
could probably be used to describe functional requirements
even prior to Milestone O if the need for a particular

system had been identified earlier.

Once the functional requirements for a system have been
developed and described <~ia the SDT, system designs can be
generated. These designs specify possible mechanisms for
performing the desired functions. These mechanisms include
equipment, personnel, and scoftware. Once developed, the

system design can also be described with the SDT.

Once the mechanisms for achieving the functions have been
identified in the design concepts, the human tasks which
must be performed to utilize the system designs can be
specified. These tasks, which are the key building blocks
of training development, must also be carefully documented
in the SDT. With the tasks identified and specified in the
SDT, training estimation aids and procedures can be used to
determine training program elements, estimate training
resources, and develop training products. The resulting
training program and its associated resources can then be
documented in the SDT.

2.1.1 Role of SDT in the Acquisition Process

The SDT, like the other components of ETES, is primarily
designed for application during the Concept Exploration
phase of the acquisition process, which runs from Milestone




O to Milestcne 1 (see Figure 2-3). However, the SDT may
also be used during mission area analysis if the need for a
particular system has been specified. (Again, it should be
noted that this is likely to occur between the time the
decision is made to develop a requirements documeint and its
final approval at Milestone O.) 1In addition, the SDT may be
used during the phases of the acquisition process which
follow Concept Exploration. The primary purposes of the SDT
applications (during the later phases would be to (1)
eatimate mor: detailed tasks and training resource
requirements, (2) determine the impact of subsequent design
changer on task and training requirements via the data base
management capabilities of the SDT, and (3) to develop
general estimates of task and training requirements for
systems which f2°1 behind schedule.

2.1.2 A Basic Data Problem in Early Training Estimation

To provide the necessary information for early training
estimation, the S£DT must describe functional requirements,
system designs, tasks, and training program elements during
the earliest phases of the acquisition process. However,
there is a basic data problem confronting the analyst who
attempts to develop such a description. During the earliest
phases of the acquisition process, only functional
requirements Or very general design concepts are available--
information on tasks which are the critical building blocks
of training is generally not available. Thus, if the SDT
were simply to describe the current state of the system
during the carliest phases of the Weapons System Acquisition
Process (WSAP), estimation of training resnurces wouid not
be possible since the data needed for training estimation do
not exist during this phase.
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° Solution to Data Problem

To circumvent the data problems described above, the
following procedure can be employed. During the earliest
phases of the acquisition process when only information on
functional requirements is available, a systematic
comparability analysis can be conducted to identify the
existing subsystems which must closely mee: the projected
requirements of the new system. Data on these comparable
systems can then be obtained and modified to meet the
differential requirements of the new subsystem. Thus, by
utilizing design and task data from comparable existing
systems, systematic estimations of early training
requirements can be made when only functional information on
the projected system is available (see Figure 2-4). Later,
as actual design concepts are developed, the comparability
analyses can be used to develop estimates of tasks and
training program elements. Still later, when the actual
system tasks are available, only the training program

elements must be estimated.
° Implications for SDT

The above discussion indicates that the SDT must not only be
capabie of describing the current state of the system during
the earliest phases of the acquisition process, it must also
be capable of (1) describing projected system elements and
alternative system concepts, (2) relating alternative system
concepts to a common framework so that meaningful
comparisons can be made, and (3) updating and refining
system information as more accurate and more detailed data
is developed.

2-8
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2.2 OVERVIEW OF SDT FUNCTIONS

To develop more detailed specifications for the SDT, a
functional analysis was performed on the SDT itself and the
results of this analysis were documented in a series of
hierarchical functional diagrams. Figure 2-5 provides an
overview of the system elements which must be described by
the SDT. The elements are comparable to the four system
elements described in previous sections (functional
requirements, design concept, tasks, and training program
elements). However, tasks are broken down into three
functions (equipment-task interface, behavioral task
elements and features, and skills and knowledges) because
more detailed descriptions are required in each of the task

areas.

Each function in the diagram is coded to indicate what its
developmental priority should be during the construction of
the SDT. Functions labeled "1" have the highest priority
and should be included in the earliest versions of the
SDT. Functions labeled "2" have the next highest priority
and functions labeled "3" have the lowest priority.

The major factors used in assigning developmental priorities
to the functions were (1) relevance to task generation--
functions related to information which was required for task
generu*ion were given a higher priority than functions which
were noc, (2) relevance to the Concept Exploration phase--
acquisition process functions which were more likely to be
utilized during the Concept Exploration phase were given
higher priority, (3) adequacy of present description
formats--functions which are not being described adequately
via present procedures were given high priority, (4)

2-10
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relevance to training developer input needs--information
that must be provided to the training developer tended to be
given a higher priority than information developed by the

training developer.
2.2.1 Functional Requirements

Figure 2-6 1lists the SDT functions which must Dbe
accomplished during functional requirements analysis. Table
2-1 1lists the outputs that must be produced for these
functions. Examples of each of these outputs are provided
in Appendix B. These examples should only be considered as
preliminary estimates of output formats. The ex2zt ~atput
format will depend on the mechanisms which are selected to
accomplish each functinon. The examples are only designed to
represent the "types of informatiion" which should be

provided as output.

The first three system elements related to functional
requirements (hierarcihical structure, activity flow, and
information flow) are concepts which are taken directly from
recent discussions of software requirements analysis and are
defined as follows:

° Hierarchical Structure - the hierarchical

arrangement of functions and their corresponding

subfunctions.

° Activity Flow - a representation of the sequence

in which system functions are performed during the
mission.
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Table 2-1 OUTPUTS RELATED TO FUNCTIONAL REQUIREMENTS

OUTPUT PRIORITY
. List Hierarchical Structure (1)
. List Activity Flow* (1)
. List Informetion Flow* (1)
. List Performance Goals by Function (1)
. List Terrain Impacts on Functions* (1)
. List Threat Impacts on Function* (1)
. List Mission Profile Impacts on Functions (1)

*Tentatively for operational functional requirements only. May also be used
with selected maintenance functions.

2-14




[ Information Flow - the flow of inputs and outputs

(in informational terms) between system functions
and between system functions and the external
environment.

At the highest level, it is likely that the mission-related
functional requirements of each system can be broken down

into four major functional areas (see Figure 2-—7).1

The performance goals for each function are similar to the
types of goals described in requirements documents such as
the MENS. Whenever possible, tnese goals must be described
in quantifiable terms with minimum and maximum allowable
values specified. The performance goals are extremely
important since they will be the primary source for the
identification of system performance measures during
subsequent training analyses. These performance measures
will be utilized in the ETES simulation models which will

relate tasl performance to system performance.

The threat and the terrain (e.g., geography, climate)
information describe the external environment in which the
system must operate. The mission profile describes what the
likely goals of the system will be. The SDT will not
attempt to provide detailed descriptions of the threat
terrain and mission profile as there are likely to be
documents specifically devoted to accomplish this task
(e.g., terrain and threat information is contained in SCORES

1 Two other system functional requirements, “support the
system” and "acquire/dispose the system" are not directly
mission-related and tentatively are not considered for
inclusion in the SDT.
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documents). The SDT must simply summarize the important
variables in each of these three areas, the degree to which
the system can be expected to encounter specific environ-
ments or act under each mission profile (in quantifiable
terms), and the likely impact of these variables on specific

system functions (Appendix B).

It should be noted that the curreant specifications for the
SDT functional requirements do not irnclude descriptions of
the acquisition goals (e.g., schedule or cost goals).
(These goals had been included in earlier versions of the
SDT specifications.) The acquisition goals were purposely
excluded from the current SDT specifications because it was
determined that (1) acruisition goals could be described via
current tools and (2) detailed specification of these
elements is not necessary for task generation.

2.2.2 Design Concepts

Figure 2-8 lists the design concept elements which must be
described by the SDT and Table 2-2 1lists “he outputs
estimated to be required to accomplish these functions.
Examples of each of these outputs are provided in Appendix
B.

The generic equipment functions list the general type of
equipment (e.g., cab, engine, hull) which can be used to
satisfy a set of system functions but do not describe the
specific piece of equipment used to perform these functions
(e.q., M109 cab, GE engine). As the .lesigyn process
progresses, the approved design concept will proceed down
the generic equipment hierarchy. 1In fact, it ias possible to
identify several different levels of design concept
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Table 2-2

OUTPUT

. List Hierarchical Structure for Generic Equipment

. List Hierarchical Structure for Design Alternatives

. List “iternative Design Concepts by Generic
Equipment

. List Information Flow for Design Alternative

OUTPUTS RELATED TO DESIGN CONCEPTS

2-19
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(1)
(1)
(1)
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development. These levels are described in Table 2-3 and
the senuence in which the design concepts at each of these
levels is developed is listed in Figure 2-9. A large scale
system which is closely following the principles outlined in
OMB Circular Al09 will go through each of the levels listed
in Table 2-3.2

A smaller system, a system involving a product improvement,
or a system not following the principles outlined in Al09,
can begin the design process at a lower level in the design
process.

2.2.3 Equipment-Task Interface

Figure 2-10 1lists the equipment-task interface elements
which must be described by the SDT and Table 2-4 lists the
outputs estimated to be required to accomplish these
functions.

Detailed specification of the task performance data (1.3.2)
has not been provided because the exact nature of the
simulation models which will utilize this performance data
has yet to be specified. It was possible to estimate the
general types of maintenance performance data that will be
required for the maintenance simulation model. These
estimations are based upon DRC's current work in maintenance
network modeling. It is expected that the maintenance
performance simulation model will be based upon these
networks.

2 OMB Circular A-109 indicates that initial system should
be described in purely functional terms.
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Table 2-3 LLEVELS OF DESIGN CONCEPT DEVELOPMENT

LEVEL | - ALTERNATIVE PLATFORMS
Eg, Self-propelled howitzer vs. multipie launch rocket system.

Separate generic equipment structures arc required for each candidate platform
with commonnlities identified.

LEVEL Il - ALTERNATIVE GENERIC SUBSYSTEMS

Eg. System A uses fire control computer to perform function, System B does

not (function performed manually).

Different nencric equipment structures are required at the subsvtem level with

commonalities identified.

LEVEL Il - ALTERNATIVE SUBSYSTEMS

Eg., System A uses GE engine, System B uses Chrys'zr engine.

Same generic equipmen? structures at subsystem level, but ditferent design

alternatives associated with these generic subsystems

LEVEL A - ALTERNATIVE GENERIC COMPONENTS
Eg. System A uses GE engire with new built-in-test equipment, System B

does nol.

Different generic equipment structures &t the component level.

LEVEL IIB - ALTERNATIVE COMPONENTS

Eg., System A uses GE engine with existing carburator, Svstem B uses GE

engine with new carburator.

Same generic equipment structures at the component level, but different design

alternatives are associated with generic component.
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Table 2«4 OUTPUTS RELATED TO EQUIPMENT-TASK INTERFACE

OUTPUTS

N List corrective maintenance tasks by equipment and
function for each design ALT

. List preventive maintenance tasks by equipment and
functon for each design ALT

. List operator tasks by equipment and function for each
design ALT

. List impact of equipment modes on tasks

. List reliability data and usage data by equipment for

each design ALT

. * List maintenance task sequence, probability, and duration
by equpment for each design ALT.

. * List impacts of preventative maintenance tasks on
corrective maintenance tasks by equipment for each
design ALT

. * List operational performance data by equipment for each
design ALT.

PRIORITY

(1)

(1)

(1)

(1)
(2)

(2)

(3)

*It is possible to group this information under the behavioral task analysis arca.
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2.2.4 Behavionral Task Elements and Features

Figure 2-11 lists the task information elements which must
be described by the SDT and Table 2-5 lists the outputs

estimated to be required to accomplish these functions.

It is possible, and in fact likely, that the task activity
flow and task information flow data will be required as
input into the task performance simulation models. If this
information 1is required as 1input into these performance
simulator models, it can be included in the SDT function
related to the task performance (function 1.3.2) and need
not be repeated under 1.4.

The task characteristic data will contain quantitative
information on the variables which will be utilized in
algorithms designed to {a) determine the tasks to be
trained, (b) assign tasks to training settings, (c) assign
tasks (or their associated learning objectives) to methods
and media. These algorithms will be developed during the
construction of the ETES estimation aids and procedures. The
exact nature of the task characteristics cannot be specified
until further work has been done on the training estimation

aids/procedures.

The task information included in SDT function 1.4.1 (task
components) and 1.4.3 (task features) is designed to contain
ail of the relevant task elements contained in the
behavioral task description worksheets which are currently
applied in the Army, such as LSAR Data Sheet D specified in
MIL-STD-13888-1, the Job and Task Analysis Worksheet in the
Army's Job and Task Analysis Har-lbook (TRADOC PAM 351-4),
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Table 2-5. OUTPUTS RELATET TO TASK INFORMATION

OUTPUTS PRIORITY
. List tasks by MOS/ASI, by skill level, or duty position (1)
. For each task,list conditions; standards; initiating and (2)

terminating cues, number of people performing; amount
of supervision; test equipment; tools, task type, task
clements; task characteristic ratings and training setting
assignments

. List task activity flow (2)

. List tasks by task type (1




and the DoD guidelines for contractor supplied task analyses
(MIL-STD-1379A and DI-H-2025).

2.2.5 Skills and Knowledges

Figure 2-12 1lists the skill and knowledge information
elements which must be described by the SDT and Table 2-6
lists the output estimated to be required to accomplish

these functions.

The skills and knowledges characteristic information will be
used to categorize the skills and knowledges and/or quantify
their characteristics. These characteristics can be used in
the algorithms which assign methods and media. Again, as
with the task characteristics, ¢‘he exact nature of the
8kills and knowledge characteristics cannot be specified
until more work on the development of these algorithms has

been accomplished.

2.2.6 Training Program Elements

Figure 2-13 lists the training program elements which must
be described by the SDT and Table 2-7 1lists the outputs
estimated to be required to accomplish these functions.

2.3 GENERAL GUIDELINES FOR INPUT/OUTPUT MECHANISMS

This section describes some general gquidelines for the

development of the SDT input/output mechanisms.
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Table 2-6 OUTPUTS RELATED TO SKILLS AND KNOWLEDGE (S+K)

CJTPUTS PRIORITY
. List S+K hierarchical structure for each design alternative (3)
. List S+K by tasks, MOS/ASI, skill level, and duty position (3

for each design ALT.
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Table 2-7

OUTPUTS

For each learning objective, list learning objective,
its place in learning hierarchy, related tasks, skill and
knowledges, and learning objective type

List performance measures, related tasks and LO's and
performance measure type

List courses and their course sequence no., course no.
course title, and course length by MOS for each design
alternative

For each course module within a course, list module
title, hours, method, student - instructor ratios, related
tasks, skills and knowledges, LO's, PMS, and media

List ARTEP tasks and manuals and tiidir related indiviaual
tasks

List media, media type, related tasks, i~arning objectives
and training setting
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OUTPUTS RELATED TO TRAINING PROGRAM ELEMENTS

PRIORITY

(2)

(2)

(2)

(2)

(3)

(2)
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At a general level the SDT should ultimately meet all of the

following guidelines:3

1. The SDT must minimize input data requirements.
The SDT must not require users to repeatedly input
the same information and must be able to utilize
information in existing documents and data banks

whenever it is possible to do so.

2. The SDT must interface with existing acquisiton
procedures and documentation requirements.
Whenever possible, the SDT must utilize input data
required by other Army acquisition procedures
and/or provide output which can be utilized in
these procedures with as little modification as

possible.

3. The SDT must be "user-friendly." The SDT must not
require extensive training to use or apply, and
must be usable by a wide range of users. The
input mechanism should be as “"transparent” as
possible so that user responses can be elicited by
the SDT and user's are not required to commit
large amounts of SDT-related information to
memory. in line with this, the SDT must not
require the user to learn complicated computer

languages.

3 It may not be possible to stay within all of the
guidelines with the initial versions of the SDT. However,
the final version of the SDT should mect all of the
guidelines listed in this section.
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The SDT must be capable of supporting multiple
users. SDT ‘nust be capable of being accessed by
multiple users in several different 1locations.
The SDT data base must be "secure" so that users
can only modify that portion of the data bhase for
which they are directly responsible.

The SDT must be capable of maintaining data bases
for several design alternatives. The SDT must be
capable of describing design, task, and training
program data for several alternative concepts and
be capable of relating these alternative data
elements to a common framework so that meaningful
comparisons can be developed.

The SDT must deal with frequent design changes.
The SDT must have the capability of quickly
providing users with information on the design,
task, and training program elements associated

with a particular design change.

The SDT must be able -0 deal with the evolutionary
and expanding features of developing systems. The
SDT must be capable of incorporating increasingly
detailed system information with minimum user
input requirements.

The SDT must be flexible enough to handle a
variety of different types of input. Thus, it
must have the capability of handling both batch
and interactive inputs.
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9. The SDT must also be flexible enough to provide a
variety of different types of outputs including
lists, Dblock diagrams, and formatted outputs
appropriate for use in other ETES procedures and

other acquisition processes.

10. To keep implementation costs to a minimum, the SDT
should, to the maximum extent possible, be
compatible with equipment (e.q., computer
terminals) which is currently being used by the
Army organizations who will employ the SDT.

11. To facilitate both software development and system
flexibility, the SDT must be capable of
maintaining a central data bhase structure which is
"independent” of the specific user applications
programs which access it.

2.4 SEQUENCE OF SDT APPLICATIONS THROUGHOUT THE ACQUISITION
PROCESS

This section outlines, at a general level, how the SDT might
be applied during the system dJdevelopment process. This
ocutline describes the general sequence and types of SDT
applications which are appronriate for different stages of
system development. This section does not attempt to
provide detailed description of the SDT utitization. Thus,
it does not describe the specific organizations which will
utilize the SDT or the documents and processes which will
feed into or utilize the SDT. Identification of the exac:
users of the SDT must be made by the Army--however, likely
potential users, at a general level, are listel in the
description of the final SDT in Section 4.
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The differing applications of the SDT throughout the
acquisition process are grouped into a series of discrete
periods (see Figure 2-14),. Descriptions of these periods

are provided in the subsections which follow.?

2.4.1 Period 1: 1Initial Functional Requirement Analysis

This period encompasses the time between the decision to
meet an identified need with a hardware system (rather than
with an organizational or operational change or more
advanced technology development) and the time when initial
functional requirements are specified. Ideaily, the end
item of this period is a functional requirements description
that will allow system designers to develop design concepts
down to the subsystem level. The functional requirements
developed during this period will provide the foundation for
the remaining phases of the acquisition process. Thus, they
must be developed very carefully. The SDT can be used to
describe the functional requirements which are developed
during this phase including system functions, threat,
environmental impacts on functions, mission profile and
desired performance goals. No estimates of training
resources are made during this period since such estimates
cannot be made until the functional requirements have been
specified.

° Major SDT Applications - Description of functional

requirements and provision of input data into

4 These period descriptions are geared for major system
acquisitions. A slightly different series of SDT
applications would be required for minor systems or for
product improvement changes.
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requirements documents and other initial
acquisition documents requiring information on

functional requirements.

2.4.2 Period 2: Initial Training Estimation--Contractor

Design Alternatives Not Specified

This period covers the time between the specification of the
initial functional requirements and the time  when
contractors have completed their initial design concepts.
Thus, during this period information on ccntractor design
concepts is not available. During this period, the ingtial
functional requirements can be examined and the comparable
existing systems which <come closest to meeting these
functional requirements can be identified. Design, task,
and training information on these systems can then be
collected and modified to reflect the projected system
requirements. Tre outputs of these design, task, and
training program analyses can be described in the SDT.>
This information can then be used to estimate training
resource requirements. This initial estimate can be then
compared with the predecessor system to indicate how the
projected system fits within the footprint of its
predecessor. If a specific platform (e.g., howitzer, rocket
launcher) has not been selected, initial training estimates
should also be developed for each platform type and compared
with cne another during this period.

5 It is possible to input contractor's data into this
estimation process in a step-by-step manner rather than wait
until the contractor studies are complete. However, such an
approach runs counter to the current practice.
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It should be noted that the current practice is not to
develop any systematic estimates of training recsource
requirements during this period but to wait wuntil the
contractors have completed their initial studies and then
have experts make undocumented estimations of the general
training resource requirements. This approach overlooks the
fact that (1) critical design questions are being asked
during this period and these questions require training
input data and (2) the early training planniprg process

requires a solid foundation on which to work at this point.

System elements should not be described at a low level of
detail at this point in the acquisition. This means that
(a) system design data (1.2) should only be specified down
to the equipment level and only described in generic terms
(e.g., fire control computer), (b) task data (l1.4) should
only be specified down to the task level and only specified
for those systems related to new design changes (versus the
equipment on the comparable existing system from which it is
derived), (c) training for subsystems not related to new
technologies are not changed unless deficiencies in the
current training program are identified, (d) only general
skill and knowledges (1.4) must be specified, (e) learning
objectives (i.6.2) and performance (1.6.3) and ARTEP
information (1.6.5) need not be specified, and (f) only
general training media (1.6.6) requirements must be
identified since the major emphasis is on identifying

expensive media (e.g., training devices).

® Major SDT Applications - Documentation and
development of initial design, task, skill, and

training estimates; provision of input into

training planning and acquisition documents;




{
%
%
i

provision of input into system tradeoff analyses;
provision of input into evaluation of generail
training alternatives; and provision of input into

contractor studies for concept investigation.

2.4.2 Period 3: Training Estimation for Identified Design

Concepts

This period covers the time between the completion of the
contractors' initial design concept studies and the
development of initial task data for finals which have been

built to represent these design concepts.

The application of the SDT during this period is similar to
the application of the SDT during Period 2 with three major
exceptions. First, design concepts no longer have to be
estimated but can be taken directly from the contractor
reports. Second, and most important, design, task, and
skill data can be taken to a lower level of derail and thus
more detailed estimates of training program elements and
training resources can be developed. The level of detail to
which one can go may vary from subsystem to subsvstem,. In
general, it is possible to go to lower levels of detail with
systems with smaller technological change than with systems
associated with larger technology changes. Third, with the
formal identification of design concepts, great2r emphasis
can be given to the examination of training alternatives
(that 1is, of alternative ways of training for the same
tasks). This examination of training alternatives will take
place during Cost and Training Effectiveness Analyses
(CTEA).
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e Major SDT Application = Documentation of

alternative designs; documentation and development
of task, skill, and training estimates; provision
of input into training planning, training analysis
and acquisition documents; provision of input into
system tradeoff analyses and evaluation of
alternative designs; provision of input into
evaluation of training alternatives; provision of
input data into and/or the receipt of output data
from ongoing contractor concept development
studies; and evaluation of impacts of design
changes within each design alternative on tasks,

skills, and training.
2.4.4 Period 4: Training Estimation for identified Tasks

This period encompasses the time between the initial
development of tasks by the contractors for the alternative

design concepts and the development of training program
elements.

.The application of the SDT during this period is similar to

the preceeding periocd with three major exceptions. First,
task data no longer must be estimated but can be directly
obtaineu from contractor input data. Second, design, task,
and skill data can be taken to a lower level of detail
permitting more detailed estimates of training program
elements and resources. Third, more specific training

alternatives can be examined.

° Major SDT Applications - Documentation of

alternative designs and their associated tasks;

documentation and development of training program
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data; provision of input into the development of
criteria for evaluating contractor supplied task
data; provision of input into training planning
and acquisition documents; provision of input into
system tradeoff analyses and evaluation of
alternative designs; provision of data for the
evaluation of detailed +training alternatives;
provision of data to, and/or the receipt of output
data from ongoing contractor concept development
studies; and evaluation of the impacts of design
changes within each design alternative on tasks,

skills, and training.

2.4.5 Period 5: Training Development for Selected System

This period encompasses the time between the 1initial
development of training data for the selected system and the
completion of c.he development of the training program for

that system.

The period differs from the previous period in three major
ways. First, as the period progresses, training program
data need no longer be estimated--actual training program
data can be utilized. Second, task, skill, and training
data must be carried down to the lowest level needed for
training development. The SDT data elements need not be
described at these lowest levels; however, all gereral SDT
data elements should be completed. Third, unlike Period 2-4
where the major focus of the SDT was on the provision of
information for training estimation, during Period 5 the
major focus of the SDT is on data base management--that is,
keeping track of minor design or task changes and their
impacts on other system elements.
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° Major SDT Applications - Documentation of system

design, tasks, skills, and training program
elements; provision of criteria for evaluating
input into the development of contractor training
program elements; evaluation of the impacts of
changes of one system element on other system
elements; provision of input into training
planning and acquisition documents; input into the
evaluation of system tradeoff analyses; and
provision of input into the evaluation of detailed

training alternatives.
2.5 PAST EFFORTS IN DEVELOPING SYSTEM-SPECIFIC DATA BASES

One of the major sources of information which was utilized
in constructing the SDT specifications described in the
previous subsections were past efforts in developing system-
specific human resource data bases. Table 2-8 lists the
major past efforts at developing human resource data bases.

These efforts are reviewed in the subsections which follow.
2.5.1 Logistics Support Analysis Record

One major effort which is closely related to the objectives
and goals of the SDT is the Logistics Support Analysis
Record (LSAR). The role of the LSAR in the acquisition
process is discussed in Appendix A. MIL-STD-1388 states
that the goal of the LSAR is to be the "single source of
validated, integrated design-related logistic data pertinent
to the acquisition program."

Table 2-9 lists the system elements that are described by
the LSAR and the major weakiiesses of the current LSAR in
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Table 2-8
PAST EFFORTS AT HUMAN RESOURCE DATA BASE DEVELOPMENT*

(1) Logistics Support Analysis Record (LSAR)

(2) Unified Data Base of Air Force Human Resource Lab

(3) Consolidated Data Base (CDB) of Navy/Army HARDMAN Projecis
(4) Structured Approach to Training (SAT) Program for the Bl-Bomber

(5) Navy Enlisted Professional Information Support System (NEPDISS)

*Efforts are listed in terms of their decreasing relevance to the ETES SDT.
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Table 2-Y
OVERVIEW OF L.SAR AND ITS MAJOR WEAKNESSES

System Elements Described by LSAR

« Equipment (work breakdown structure, work unit code, nomenclature,
reliability, maintainability, failure symptoms, failure effect and criticality,
maintenance concept)

o Tasks (task code, frequency, clapsed time, skill specialty, man hours,
requirements for training equipment, support equipment, tools, task elements,
aggregate maintenance man-hour requirements)

o Support and Test Equipment (physical characteristics, associated equipment,
associated tasks, associated training, special skill requirements)

« Facilities (associated equipment and tasks, general requirements, ‘cad
times, type of construction, utilities, facility unit cost)

» Skills (associated task and equipments, specialty codes, aptitude, rank/rate,
special physical and mental requirements, educational requirements,
additional training requirements)

o Supply Support (part no. and nomenclature, physical description. associated
equipment, allowance quantity, distribution)

Major Weaknesses of LSAR

e Does not describe system functional requirements

o Does not provide adequate description of operator tasks

o Does not describe task characteristics or performance information

o Does not describe collective tasks

« Does not adequately deseribe skills

¢ Does not adequately deseribe training program eclements

o Does not provide mechanism for describing estimated or prcjecied elemients
e Is not applied in early phases

e« Does not have data base management capability

o« Cannot generate tasks or other input data

*Many of these limitations arc apparently being dealt within the present LSAR
improvement programs.
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respect to the goals and objectives of the SDT. As Table Zz-
9 indicates, the LSAR has several weaknesses which limit its
use as a comprehensive system description technology for

human resource assessment.

First, there are several important system elements ({(e.g.,
system functional requirements, collective tasks) which the
LSAR does not describe. Failure to describe the system
functional requirements is particularly distressing, since
these functional reguirements provide the foundation on
which all other system elements depend. Lack of a
systematic description of functional requirements makes it
extremely difficult for training developers and others who
are tasked with relating their particular system elements to
overall mission performance and its associated functions.
For instance, it makes it extremely difficult to relate
human tasks to mission performance. Given 1its lack of a
capability for describing system functional requirements or
projected system elements, it is not surprising that the
LSAR is currently not applied during the concept exploration
phase of the acquisition process and seldom, 1if ever,
applied during the validation and demonstration phase.
Hence, 1its value as a data base to support early human

resource assessment is very minimal indeed.

Second, there are a number of other systems elements which
are described by the LSAR but are not described adequately
or in enough  detail (e.q., operator tasks, task
characteristics, training program elements skills). The
emphasis of the LSAR on maintenance assessment and
maintenance tasks 1i8 quite obvious. This emphasis makes it
extremely difficult to develop or maintain adequate
descriptions of operator tasks. For ali types of tas¥ks, the




ILSAR does not fully describe the task characteristics and
performance information that is needed by training and/or
human factors specialists to adequately assess their
components of the system. The training portion of the LSAR
places an emphasis on training equipment and devices and
ignores other important aspects of the training program

(e.g., learning objectives).

Third, at a more conceptual level, the LSAR does not provide
an adequate capability for describing estimated or projected
system elements. Such estimates are necessary during the

early phases of the acquisition process.

Fourth, the LSAR was not conceived as an automated data base
management system for system description -- that is, as an
automatic system for describing, updating, and expanding
system concepts and communicating this inform2tion to system
users. It should be noted that the Army, through the DARCOM
Materiel Readiness Support Activity, has been a leader in
"automating the LSAR". However, this automation apparently
refers only to the use of computerized algorithms for
aggregating certain LSAR elements or for presenting printed
outputs of reports. It is not designed to be an interactive
system. More important, the automated LSAR does not provide
for the automated description of system concepts, updates,
changes and expansions through a comprehensive data base
management system. This is due to the fact that the LSAR
Joes not have a systematic internal structure linking the

various system elements to one another.
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2.5.2 Air Force Human Resources Lab Unified Data Base

The Air Force Human Resource Lab (AFHRL) has initiated a
program to develop a Unified Data Base (UDB). The goals of
the UDB are very similar to the SDT (see Thomas, Newhouse
and Hankins, 1980; Thomas and Hankins, 1980). Ultimately,
the UDB is designed to provide "a centrally located data
base of human resource-related information for utilization
in the weapon system acquisition process to 1influence
hardware concepts and design". The UDB is to be supported
by a Data Generating Technology Data Base (DGTB) which is
intended "to generate generic data to fill in the needs of
users where the data systems, and likewise the UDB, would
leave voids." Thus, the DGTB is somewhat similar to the

ETES training estimation aids and procedures.

To date, past efforts on UDB development have focussed on
(1) an assessment of existing historical data bases which
would feed the UDB, particularly the projected portions of
the UDB, (2) a description of the weapon system design
process with respect to the potential use of the UDB, (3) an
assessment of user needs in terms of adequacy of current
technology and dataﬁ, and (4) the development of a plan for
UDB/DGTB development.

At the present time, a description of the actual Jdata

elements to be included in the UDB is not available (this 1is

6 In the examination of the utilization of human resource
data in tradeoffs, it is interesting to note that lack of
information and lack of appropriate analytical tools were
seen as two of the major types of limitations on the use of
human resource assessment.
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to be developed in future phases of the study). However, by
examining the types of historical data bases which are pro-
jected to be used by the UDB, it is possible to make some
estimates of what it will contain and to assess some of its
potential "limitations." These "limitations" point out the
differences between the UDB and the ETES SDT. These dif-
ferences are actually quite significant despite the simil-
arity in the goals of these two systems (see Table 2-10).

The first limitation of the UDB 1is 1its emphasis on
maintenance tasks and personnel. The UDB, like the Air
Force Coordinated Human Resources Technology, emphasizes
maintenance behavior and the use of historical data bases
related to maintenance. There is little relevant discussion
of the procedures and mechanisms for developing or

descriking operator tasks or training requirements.

This emphasis on maintenance tasks is closely related to a
second "limitation" of the UDB; namely, its emphasis on
aircraft systems and on Air Force data bases. In the Air
Force, the role of enlisted operators is much less
significant than it is in the Army or Navy. Hence, it is
not surprising that the UDB has focused on the maintenance

of aircraft systems.

Third, there are numbers of other system elements which the
UDB would appear, at least at the present time, not to
describe. These elements include functional requirements,
collective or team tasks, task characteristics, and
performance data suitable for training and human factors
analytical activities, and training program clements. (This
failure to describe certain elements would not be critical

if the UDB had the proper data base management structure to
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Table 2-10
LIMITATIONS OF THE UDB

Focusses almost exciusively on maintenance tasks
Emphasizes aircraft systems

Does not appear to adequately describe functional requirements,
collective or team tasks, task characteristic or performance data,
and training program elements

Is not based upon comprehensive data base menagement system or
structure

Is geared for use by sophisticated users

Cannot generate tasks and other input data
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handle additional system elements. Unfortunately, it

appears that it does not have this capability).

Fourth, and perhaps mosc. important, the UDB again does not
appear to be based upon a data base structure--that is, a
structure wnich represents the Lapricic iclalicnshigs among
the various system elements. Such a data base management
structure would provide a mechanism for describing the bhasic
structure of a developing system which was independent of
the various user viewpoints of the data. This data
independence would increase the capability for relating
various descriptions of the system to one another, for
updating and refining the data, and for adding new elements
to the data base in a systematic modular fashion with
minimum destruction of existing programming--thus providing

t1e basis for a true data base management capability.

Fifth, the UDB appears to be geared for use by technical
personnel who have sophisticated analytjcal and/or computer
programming experience--unlike the SDT which is geared for
use by personnel with 1little background 1in computers.
Because of this difference in emphasis, it is not surprising
that the UDB does not specify or deal with the human factors
of man-computer interactions as wili the SDT, which will be
specifically geared for utilization by uninitiated users and
will attempt to employ the latest guidelines on human-
computer interfaces {see Appendix D). Because of its lack
of consideration of hurin factors issues, the UDB does not
attempt to provide procedures for assisting the user in

generating tasks or other input data elements.
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2.5.3 Consolidated Data Base (CDB) of HARDMAN Methodology

The Navy has a program, called the HARDMAN program (hardware
versus manpower procurement), to develop a meihodology to
systematically assess the manpower, personne’, and training
requirements of emerging weapons systems, with particular
emphasis on developing predictions ror tile €aiiy paascs oI
the acquisition process. The HARDMAN methodology has been
applied to a number of different Navy systems and has been
modified for use by the Army and applied to the Enhanced
Self-Propelled Artillery Weapon System (ESPAWS) (see
Dynamics Research Reports 1980A, 1980B, and Mannle 1980 for

a discussion of HARDMAN).

The application of the HARDMAN riethodology is supported by
the development of a system-specific "data base" which is
designed to contain all of the inputs and outputs of each of
the steps in the HARDMAN methodology and provide an audit
trail for monitoring the data elements which are
developed. Table 2-11 lists the data elements described by
the CDB.

Like the other K current human resource data bases, the CDB
has several limitaticns with respect to the SDT

requirements.

The major limitation of the CDB is that only parts of it are
automated. Thus, it can not provide a computerized data
base management capability. Another major limitation of the
CDB is that, like the UDB, it does not contain a systematic
scheme for relating the various system elements to »ne
another, a scheme which would be independent of specific

input and output requirements. Thus, the CDB is not really
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Table 2-11
DATA ELEMENTS CONTAINED IN CDB

General System

R e TR

Requirements Documents

Study Plans and Objectives

Technology Base Studies

Praianted Onerational Environment

System Functions and Performance Requirements
Program Constraints

Minimal Essential Elements of Information List
Audit Trail Files

Worksheets

CDB Index

Predecessor Equipment List and Related Data
Reference Equipment List and Related Data
Predecessor and Reference Reliability Data

» [ ] [ ] [ ]

Manpower*

Workload Taxonomy

Indirect Workload Factors

Task Event Networks

Manpower Model Data

Manpower Metrics and Associated Values

System Manning (MOS, Skill Level, Duty Positions)

Training*

Task and Skill Data

Course Catalogue

Course Outlines

“ourse Methods/Media

Course Costing Data

Course Scenario Infurmation

Career Path Information

Training Concept

Training Device and Equipment
Steady State Resource Requirements
Steady State Ccurse Costs
Replacement Personnel Requirements
Task Selection and Assignment Algorithms
Facilities Requirements

Personnel*

o Career Path Data
« Career Path Statistics (Attrition, Promotion, Upgrade)

*All elements for predecessor, reference, and baseline systems except where noted.
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a true data base management system since it does not have an
automated capability for linking various system elements to

another or for retrieving data elements.

Finally, the CDB does not provide any extensive automated
ranahilities for aeneratina input data formats or actual

input data elements.

2.5.4 SAT Program for the B-1 Bomber

The Structural Approach to Training {(SAT) program for the B-
1 bomber represents a relatively early attempt to develop a
system-specific data base to support instructional systems

development (see Sugarman, Johnson and Ring, 1975).

The SAT consisted of two major elements, a data base (the
contents of whicn are displayed in Table 2-12) and two
computerized aids -- cne aid is a sorting model for the
storage, retrieval, collating, and updating of mission/
function task analyses and supporting data; and the other is
an analytical model for providing cost and training

estimates of the B~1 bomber training system.

The SAT data base is interesting in that it is probably the
only past effort which has attempted to (1) systematically
describe task characteristics in a format which is amenable
to the application of automated training aids for
determining the tasks to be trained and selecting methods
and media, and (2) systematically describe the task
performance characteristics of equipment (e.qg., relation-
ships of tasks to controls &nd displays). Such task
performance data is critical to human task performance

simulation models. The SAT also had a number of other
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Table 2-12
SAT DATA ELEMENTS AND LIMITATIONS

System Elements Described by SAT Data Base

. Tasks (title, task element number, operator behavior, task duration,
crew interaction, previous task element. task characteristics. and

performance data)
. Control/display infcrmation (associated system, synonyms)

. Behavioral objectives (title, initial conditions, concurrent behaviors,

performance criteria, enabling and ancillary objectives, operators,

interactions, task elements, objective eriticality, objective difficulty)

Limitations of SAT Data Base

. Is geared for one specific system
. Is not designed to provide generic data base management capability
. Does not systematically describe system functional requirements and

design concepts

. Does not include training program elements in automated portion
of the data base

. Is geared for sophisticated users
. Cannot generate tasks and other input data
2-55
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interesting features, such as a task action verb dictionary

which listed task synonyms.

However, despite its desirable features the SAT data base
also has several limitations which restrict its applic-
ability to the SDT. First, the SAT data base elements and
programs were specifically designed to fit one system--the
B-1 bomber. Thus, all of its task and control/display
dictionaries and structures are only applicable to that
system. The SAT was not designed to be a generic data hase
system which could be applied across a wide range of weapon

systems.

Second, the SAT does not describe several important system
elements such as functional requirements and design/hardware

elements.

Third, training program elements are described but not

included in the automated data bhase.

Fourth, the SAT is geared for very sophisticated users with

extensive computer experience.

Fifth, the SAT 1is not structured to assist users in
developing input data formats or actual input data clements

such as tasks.

2.5.5 Navy Enlisted Professional Development Information
Support System (NEPDISS)

The objectives of the NEPDISS are more limited than the
goals of the other human resource data bases dJdescribed
above. The NEPDISS is specifically designed to store and
retrieve data related to training projram Jdevelopment (sce

Davis, 1977, for a description). Thus, it is primarily
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designed to describe task and training data (see Table 2-
13). Its only description of equipment-related concepts is
in the task statements of the task portion of the data
base. Other major limitations of the NEPDISS are its lack
of capability for describing projected system elements, its
total lack of appropriateness for use by uninitiated users,
its lack of a capability for generating tasks and other data
impacts, and most important, its lack of a true data Dbase
management capability for updating and refining system

elements.

Despite the weaknesses, it 1is important to note that the
NEPDISS is especially strong in describing task and skill
related requirements which are appropriate for training and

personnel analysis.

2.5.6 Other Data Bases

There are a number of other data bases which attempt to deal
with some of the issues related to the SDT. For instance,
the Consolidated Occupational Data Analysis Program (CODAP)
and the Training Developments Information System (TDIS) are
Army data bases which also deal with task description. The
CODAP focusses on tasks from the perspective of a single MOS
while tlhie TDIS focusses on common tasks which are applicable
across MOS. Neither one is geared for use in describing the
design, task, and training characteristics of an emerqging
weapon system. Nevertheless, the aspects of these systems
which are relevant to the SDT (primarily the task
descriptions) were examined in detail during the development
of the SDT specifications and these systems will continue to
be monitored as the SDT is developed.
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Table 2-13
NEPDISS DATA LIMITATIONS
Does not describe system functional requirements, design concepts, training
program elements or collective tasks.
Is geared for use by sophisticated users.
Cannot generate task and other input data. I
Is not designed to describe projected system elements.

Does not provide comprchensive data base management capability for updating

and refining system elements.
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SECTION 3 - SELECTION OF AN AUTOMATED TOOL
FOR SDT DEVELOPMENT

This section presents the results of a review of automated
tools which were considered as possible vehicles tor the
development of the SDT. The chapter is divided into six
sections. The first section presents an overview of the
different types of automated tools which were examined
during the review. The nex:-. two sections present the
results of a review of two different classes of automated
tools: requirements analysis tools and data base management
systems. The final three sections evaluate database
management systems and select a database management system

suitable for SDT development, implementation, and operation.

3.1 OVERVIEW OF AUTCMATED TOOLS

The central need for early training estimation 1is a
systematic method of communicating weapon system information
to the participants in the acquisition process (e.q.:
training developers, combat developers, materiel developers,
etc.). These participants are generally uninitiated in the
use of computer equipment and systems. With this focus, two
ma jor classes of automated tocls were examined during Task
l: requirements analysis tools and data base management
systems. The review began with an examination of
requirements analysis tools and was completed with the

review of dJdata base management systems.
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As more and more data was obtained on the current procedures
and problems, and available tools were examined in detail, a
firm picture of the requirements for the SDT developed. It
was determined that a data base management system was the
tool which could best meet the SDT requirements (see Section

2 for a description of the SDT specifications and Section 4

rh

for a description of a final SDT which incorporates many

Q

the data base management system concepts discussed in this

chapter).

3.2 REVIEW OF REQUIREMENTS ANALYSIS TOOLS

The review of requirements analysis tools was conducted in a
three-stage process by DRC's software engineering group.
During the first stage, DRC surveyed government reports,
IEEE Software Engineering Transactions, and other trade
publications to determine wha‘ ftools were available in the
area of requirements analysis. Fortunately, a comprehensive
review of requirements analysis tools had just been
completed by Devorkin and Obenodorf (1979). Further
investigation indicated that this report contained all
requirements analysis tools with sufficient maturity for

possible use in the SDT.

During the second phase of the review, the methodologies
listed in Devorkin and Obendorf were reviewed in more
detail. Each review began with an examianation of the
available literature on the methodology. Following the
literature review, individual users were interviewed by
phone. With the aid of user comments and knowledge of the
SDT requirements, criteria were developed for identifying
methodologies with a high degree of potential application to

the SDT. The evaluation criteria were as follows:
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Applicability

The methodology must be capable of building a data
base of the conceptual information normally
available during the early phases of a developing
or evolving system. This data base must be
capable of refinement as more specific system
information becomes available. It must be capable
of describing requirements, design concepts, human

tasks, and training program elements.

Understandability

The methodology must be capable o©of  bheing
understood by the types of "personnel"” who are
likely to use the SDT.

Demonstratability
The methodology must have been applied to a number

of different types of projects.

Transportability

The methodology must be capable of being
implemented at a minimum of cost on standard
business processors used in military/government

agencies.

Training
The methodology must have an existing formal

training program available to the user.

Sponsorship
The methodology tust have a specific overnment
agency, university or industry committed to

enhancing the methodoloqgy to mect allditional user
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needs as they bhecome known. The methodology must

reside in the public domain.

While investigating the first few methodologies. it became
evident that there were two main thrusts in *the area of
requirements definition ieilhiviovlogices. S thrast
emphasized graphics representation, primarily through
functional flow block diagrams, as a means of specifying
relationships between system elements. Another thrust
emphasized a high level conceptual language as the mechanism
for specifying relationships between these system
elements. Because there was a good dea’® of overlap between
the tools within each of these two thrusts, particularly
among the language-based tools which are all basically more
advanced derivatives of earlier work conducted by the ISDOS
project at the University of Michigan, it was -‘lecided that
the tools listed in Devorken and Obendorf would be evaluated
in terms of the six criteria listed above, and that the tool
in each of the two major thrust areas with the highest
avaluations on these criteria would be selected for further

analysis in the third stage of the review.

Table 3-1 displays the reguirements analysis tools which
were evaluated during this stage and summarizes their
assessment.

The two tools selected for further analysis were the (CAM
Definition Language or IDEF, which was determined to be the
best graphics Dased tool, and the Problem Statement
l.anguage/Problem Statement Analyzer, which was selected as
the best lanquage based tool. During the thir:d stage of the

review, these two tools were examnired in even greater
detail.
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] AUTOIDEF

The IDEF tool was developed by the Air Force's Integrated
Computer-Aided Manufacturina (ICAM) Project Office. IDEF
was originally developed tu describe the "Architecture of
Manufacturing” for an idealized computer aided manufacturing
plant. The IDEF format is very similar to the Structured
Analysis and Design Technique (SADT) developed by Softech,
Inc. and, in fact, is derived from it.

The IDEF had several advantages over other tools which were
readily apparent. First, the ICAM proiect office has a
long-term commitment to continuing to develop IDEF as new
needs are uncovered. Second, IDEF was recently automated in
a version called AUTOIDEF. Before this automated
capability, the IDEF tool had no real «capability for
automatic storage, update, and retrieval of the diagrams
which are its major mechanism for describing information.
Thus, without this automated capability, IDEF would not
merit even initial consideration as a SDT vehicle. Third,
AUTO IDEF is supported by a software package developed on
Wright Patterson's CDC processor. Fourth, it has been
extensively applied within the ICAM project.

To examnine AUTOIDEF in qgreater detail, DRC (1) interviewed
several users, (2) obtained and examined in detail AUTOIDEF
user manuals, (3) obtained the source cnde and determined
what it would take to transport the system to a non-CDC
processor, and (4) obtained a hookup to the Wright-Patterson
computer and attempted to utilize AUTOIDEF to describe SDT-
related elements for a dummy example. The results of the
detailed examination were not encouraging. First, it
appeared that in its current state, the AUDOIDEF is
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difficult to use and requires a fairly long time (one half
hour) to develop & single functional flow diagram. In
addition, the IDEF does not appear to be a tool which is
appropriate for uninitiated users, since it requires
learning a relatively complex command language (by SCT
standards), and 1is geared for wusers with an existing

computer background.

® PSL/PSA

PSL/PSA, 1like two other major language based tools, the
Computer-Aided Design and Specification Tool (CADSAT) and
the Softwar: Requirements Engineering Methodology (SREM),
was derived from initial work done at tne University of
Michigan ISDOS project. PSL/PSA was chosen over the other
tools for the stage three review Dbecause it has had wider
usage, has several sponsors (University of Michigan and the
PSL/PS) Users  Group) committed to fund continuing

development, and has a fully developed training program.

To examine the PSL/PSA in more detail, DRC (1) obtained and
examined the user manuals, (2) determined what it would cost
to purchase usage of the PSL/PSA, and (3) sent several
members of its software engineering group to a PSL/PSA
course to see first-hand what actual PSL/PSA applications
looked like. Unfortunately, as with IDEF, the results were
not encouraging. PSL is a fairly abstract language that is
beyond the capabilities of the uninitiated user who is
expected to utilize the SDT. In addition, the documentation
fo PSL/PSA is oriented to the technical, rather than the
unitiated, user.
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° Summary of Review of Requirements Analysis Tools

In summary, current requirements tools do not appear to be
suited for the types of uninitiated users who will utilize
the SDT. This is not surprising when one considers that all
of these tools were specifically designed to describe
software requirements for 1large complex systems. Hence,

they are designed to be utilized by technical personnel who

have fairly sophisticated backgrounds in computers. (The
tools were designed by software specialists for software
specialists.)

At a slightly more conceptual level, another factor
contributing to the complexity of the requirements analysis
tools is that they are designed to be extremely flexible
tools which can be utilized to describe any type of system.
This type of flexibility necessitates a certain degree of
abstractness. This high degree of flexibility and its
associated abstractness may actually be a hindrance in
describing the elements of the weapons systems in the SDT.
(A descriptions of these elements is contained in Section 2

and subsection 3.5.)

Finally, it should be noted that while requirements analysis
tools deal with an important aspect of early training
escimation (i.e., system description), they are not really
geared for dealing with other important ETES related
problems; namely, the update and refinement of these system
descriptions and their communication to a wide range of
participants in the acquisition process.




3.3 REVIEW OF DATA BASE MANAGEMENT SYSTEMS

Data Base Management Systems (DBMSs) were reviewed next.
Generally, DBMSs fulfill the SDT evaluation criteria of
applicability, understandability, demonstratability,
transportability, training, and sponsorship that were
identified in Section 3.2. In addition, most DBMSs have the
following advantayges for the SDT:

1. The DBMSs are designed to store many data items
chat are related to one another. The SDT consists
of many data items with complex interrelation-
ships. Therefore, DBMS technology facilitates the
development of the SDT.

2. Data is centrally located and controlled. This
simplifies data sharing among multiple users.

3. They can be fitted with data access aids that are
easy to use. These aids allow a user to input,
modify, delete, and output data using English-like
phrases and commands.

4. Access to datz items can be restricted.
Unauthorized users cannot view, modify, delete, or
output restricted data items.

5. They can be structured to present each user with a
different view of specific data within the data
base. In other words, each user can be presented
with data in a format that is meaningful to him
alone.
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6. The format of a data item is independent of the
computer program that is &ccessing it. This is
significant if future software systems--other than
the SDT--wish to access the data in the SDT data
base. The development of this interface is
simplified.

7. Standards can be enforced on data items and on

their physical storage in the data base.
3.3.1 Overview of Data Base Management Systems

Before proceeding to examine DBMSs from an SDT perspective,
it may be useful to review exactly what a DBMS is. This
will be accomplished in a two-step fashion by first defining
what a "data base" is and then outlining the essential

features of a data base management system.
3.3.1.1 "What is a Data Base?"

An automated data base may be defined as a computerized and
integrated collection of stored operational data used by the
applications groups of a particular enterprise.l The key
word in this definition is “integrated.” The data elemeuts
of a system are likely to have relationships or associations
which one could use to link these elements to one another.
A data base is integrated when it incorporates information
on these relationships .s well as information on the data
elements themselves. This information can be used to store

1 This definition is a modification of an existing
definition by Fngels (1971)
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and retrieve data. It should be noted that, strictly
speaking, a data base need not be resident in a computer or
its associated media. However, all automated data ovases
will be stored on a computer or related media and all modern
DBMSs are automated. It is clear that only an automated
data base can meet the storage and retrieval requirements of
the SDT. The term "operational data" is used to refer to
data which is pertinent to the ongoing activities of an
enterprise. Operational data excludes input data, work
queues, output data (such as messages or repcrts) or any
other form of temporary information.

3.3.1.2 Advantages of a Data Base

The major advantage of a data base is that it provides the
enterprise with integrated, centralized control of its
operational data. This centralized control can, in turn,
(1) reduce redundancy in estored data, (2) avoid
inconsistency in stored data, (3) allow for greater sharing
of data, (4) permit standards to be enforced, (5) permit
security restrictions to be applied, and (6) permit a
greater capability for checking and maintaining data. If a
data base is used in conjunction with a DBMS it can also
provide an additional advantage:; namely, “"data
independence."” Data independence is achicved by maintaining
an internal structure of the data which is independent of
the individual applications of the data and individual user
viewpoints. This data independence may be contrasted with
data dependent systems in which the way data is stored and
the way it is accessed are dictated by the structure of the
applications.

3-11




3.3.1.3 Data Base Management System

Perhaps the best way to describe the essential features of a
DBMS is to outline an "architecture" for a typical DBMS.
Such an architecture is displayed in Figure 3-1. This
architecture 1is taken directly from Date (1977). DBMS
architectures are typically divided into three general
levels: internal, conceptual, and external. The internal
level 1is concerned with the way in which the data is
actually stored physically. The external level reflects the
users' views of the data. The conceptual level provides the
medium for 1linking the internal and external views. The
conceptual model provides a general community view of the
data base since it contains an abstract representation of
the entire data base. This community view is to be
contrasted with the external views of individual users who
typically will only have a view of a portion of the data
base.

Perhaps another way to describe these three different levels
of a DBMS is to refer to the structures that psycholinguists
use to describe human language. The external view of a DBMS
can be construed as being roughly analogous to what
psycholinguists describe as the “"surface structure" of
language, while the conceptual level can be construed as
being analogous to the "deep structure” of language and the
internal structure can be construed as being roughly
analogous to the physical structures in the brain for
representing speech.

It is possible for each external user to have his own

“language” for utilizing the data bage, although in many
cases all or a large number of users can use the same
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language. (As we shall see in the description of the final
SDT in Section 4, the SDT will utilize a single language for
all users.) A subset of a user's language must include the
data sublanguage for storing and retrieving information.
Each user may have a workspace for receiving and
transmitting data transferred between the user and the data

base.

The conceptual model is defined by a conceptual schema which
includes a definition of each of the various types of
conceptual information in terms of content only (storage or
access features are not described). Thus, the conceptual
model provides the definition of the total data base
content. The conceptual model is critical in that all other
aspects of the DBMS are affected by the conceptual model.
It has a major effect on the format and structure of the
data sublanguage which 1is wused tc¢ store, update, and
retrieve information from the data base.

3.3.2 Types of Data Base Management Systems

Data Base Management Systems can be categorized by the type
of conceptual model they employ to define their data base
structure. There are three general categories: the
relational approach, the hierarchical approach, and the
network anproach. More details on these three approaches are
presented in the sections which follow.

3.3.2.1 Relational Data Bases
An example of a relational model is contained in Figure 3-

2. Each row in the table can be described as an entity
while the columns can be described as attributes. Each
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table represents a series of relationships between entities
and between entities and attributes. A crucial feature of a
relational data structure is that associations between rows
or entities are represented solely by the data values in
columns drawn from a common domain. It is characteristic of
the relational approach that all information in the data
base, both entities and associations, are represented in a
single uniform manner, wnamely tables. This uniformity of
data representation leads to a corresponding uniformity and
simplicity in the commands required in the data sublanguage
to utilize a relational data base (e.q., delete).
Therefore, relationally structured data bases are generally

easy to understand and use.

3.3.2.2 Network Approach

The network approach is similar to the hierarchical approach
in that it has several different types of records, which are
asgsociated with one another via links (Figure 2-3).
However, a network is a more general structure than a
hierarchy because a recor” may have any number of immeliate
superiors-unlike the hierarchical approach which has one
superior. The network approach thus makes it easier to
represent many-to-many correspondences more Jdirectly than
does the hierarchical approach. Therefore, a network
structured database can represent “typical” relationships
among data items, more so than a hiararchical structure.

3.3.2.3 Hlerarchical Approach
Just as the basic model underlying the relational model can

be represented by a table, the hierarchical model can be
represented by a tree structure (see Figure 3-4). The
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hierarchical model can be described as a single file,
containing records arranged 1into trees. The files in a
hierarchical approach can be more confusing than the files
in a relational approach because (1) they contain several
different types of records and (2) they contain 1links
connecting occurrences of these records. A fundamental
aspect of the hierarchical approach 1is that any record
occurrence can only be accessed when its context (that is, a
record's relationship to its superior) 1is taken into

account.

3.4 THE APPLICATION OF DBMS TECHNOLOGY TO THE SDT

Because DBMS technology can fulfill the requirements of the
SDT better than existing requirements analysis tools, the
SDT will be developed using a DBMS.

Selecting a DBMS for a particular application--such as the
SDT-~is difficult. Many factors affect this decision. Some

of these factors are the following:

] Logical structure of the data Dbase at the

conceptual level,
° Specific features of the DBMS,
° Capabilities of supporting facilities, and
® Cost of the DBMS and its supporting facilities.
For any application, a DBMS with a relational structure at

the conceptual level has several advantages. First, a

relational data base is easy to develop and comprehend.
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Therefore, developing software systems that interact with a
relational data base 1is 1less complicated. Second, user
access to data items is simple. Inquiries and retrievals
are conducted through tables of related data items. Third,
this structure facilitiates access to both individual data

items and groups of data.

User interaction with a relational DBMS may be slower. This
is because the relational DBMS software performs more tasks
to process a given command than a network or hierarchical
DBMS. Also, relational DBMSs are relatively new and are not

as developed as network or hierarchical DBMSs.

The network structure reflects real world situations because
it may be accessed from any point within the data base.
Also, this structure has the support of the Conference of
Data Description Languages (CODASYL) Programming Language
Committee (PLC) Data Base Task Group (DBTG), the group that
proposed standards for DBMS programming languages.

The representation of relationships among data items in a
network data base may be complex. This can complicate the
development of application programs that interact with the
DBMS .

For data items that logically fit into a hierarchical
structure, a hierarchical DBMS is appropriate. The
structure of a hierarchical data base 1is easy to
understand. Therefore, developing software systems that
interact with a hierarchical data base is simplified.
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The disadvantages of a hierarchical DBMS are two. One, data
items do not always logically fit into a hierarchical
structure. Two, access to a hierarchical data base is
limited (i.e., from the top of the structure to the bottom
of the structure). Therefore, the design of the data base
has a great impact on the amount of time the DBMS requires
to access a particular data item. Data items near the top
of a hierarchical structure can be accessed more quickly
than those at the bottom of the structure.

For the SDT, <*h:z order of desirability of the 1logical
structure of the DBMS at the conceptual level is relational,
network, and hierarchical. The remaining DBMS features are
examined in Section 3.6.1.

3.5 RESTRUCTURING OF THE SDT INTO A RELATIONAL FRAMEWORK

Because a DBMS with a relational structure was preferred,
the SDT components were restructured into a relational-like
framework. The components are described in "systems" terms

and their interrelationships are defined.

3.5.1 Discussion of the SDT from an Entity-Attribute-
Relationship Perspective

A number of systems analysts (e.g., Teichroew, Mascovic,
Hershey, and Yamamoto, 1980; and Chen 1976) have pointed out
that systems can be described in terms of three bhasic
elements: entities, attributes, and relationships. These
three elements can be described as follows:
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. Entities - Correspond roughly to nouns in English
language. They are those objects and ideas which can

be used to describe basic system elements.

° Attributes - Correspond roughly to adjectives in
English language. Attributes formalize important
properties of entities. Each attribute has associated

with it a set of values.

° Relationships - May be compared with English verbs.
More properly, they correspond to the mathematical
definition of binary relations; statements of
associations hetween two elements.

This simple entity-attribute-relationship framework has wide
ranging implications. For instance, this framework has
served as the cornerstone for requirements analysis tools
developed in the 1ISDOS project at the University of
Michigan. Thus, it provides the foundation for all
language-based requirements analysis. More important, as
was noted above, it is directly congruent with the basic
elements of a relational data base where entities correspond
to rows in a relational table, attributes correspond to

columns, and relations correspond to the table entries.

The SDT was restructured into an entity-attribute-
relationship framework and implicit entity and attribute
classes and SDT relationships were identified. Table 3-2
lists the implicit entity and attribute classes which were
developed for the SDT. Table 3-3 describes the different
types of relationships which will be required and Table 3-4
describes how these different types of relationships can bhe
applied to the different classes of entities and attributes.
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Table 3-2

iMPLICIT ENTITY AND ATTRIBUTE CLASSES FOR DEVELOPING WEAPON SYSTEMS

Entities

Major Attributes

Functional requirements
data
- Functicas

Performance goals, threat impacts, environmental
impacts, mission profile impacts

Design Data

- Generic equipment
functions

- Design alternatives

- Design alternative
component inputs
- Design alternative
component outputs

Approval status; comparable existing equipments

Comparable existing equipments, degree of difference
between existing equipment , reliability

Tasks/software functions
- Human tasks
(individual)

- Human task inputs
- Human task outputs
- Software functions

Performance data, conditions, standards, initiating
cues, terminating cues, no. of people performing,
amount of supervision, task characteristics, task
assignments, task type, task elements

Tools/test equipment
- Tools
- Test equipment

Tool type, comparable existing tool
Test equipment type, comparable existing tool

Parsonnel

Function (operator, maintainer, other), MOS,
skill level, paygrade, duty position number

Skill and knowledges

Skill and knowledge characteristics

Performance measures

PM type

Learning objectives
Courses
- Course modules

LO type, training setting, training method

Course seq. no.: course no.; title, length, hours;
method, student/instructor ratio

Media

r———

Media type; training setting

ARTEP (collecting tasks)

Related manuals

*Attributes specifying relationships between entities are not listed (c.g., a number
or code rclating tasks to equipment).
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Table 3-3 TYPES OF RELATIONSHIPS REQUIRED BY SDT

(H) Hierarchical Relationships - A is a member of B. Relationship indicates

that one entity is a member of larger class of entities.

(A) Activity Relationshps - A occurs before (or after) B. Relationship

indicates the sequence in which entities (functions or tasks) are

performed.

(10) Input/OQutput Relationships - Entity A is an input (or outpw) of

entity B. Relationship indicates inputs and outputs associated with

entity.

(As) Associative Relationships - A is associated with B. Purely

associative relationships.

(D) Duplicative Relationships - A duplicates B. Different versions of

a general entity class for different design aiternative.
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Table 3-4 IMPLICIT RELATIONSHIPS IN SDT

Hierarchical Relationships (H)

o

»

Within each entity class, each class can be subdivided into a number of subclasses.
Each attribute class can also be further subdivided into a number of subclasses.

Activity Relationships (A)

Activity relationships are required for lower level functional requirements

Activity relationships are required for tasks (separate relationships for operator
and maintenance tasks)

Activity relationships are required for courses {(to represent course sequence)

Input/Output Relationships (1/0)

Input/output relationships are required for generic cquipments
Input/output relationships are required for design alternatives
Input/output relationships are required for tasks

Associative Relationships (As)

All attributes must be associated with their respective entities.
The following items must also be associated with one another
- Generic equipment with function

- Design alternative with functions und gencric cquipment

- ‘Tasks with functions, generic equipment, design alternatives, tools and test
cquipment, personnel

Software functions with functions; generic equipment; design alternative; tasks
Tools and test equipment with design alternatives
Skill and knowledges with tasks

Learning objectives with tasks, skills and knowledges, media, courses, und course
modules

Performance mecasures with tasks, learning objectives and skills and knowledges
Courses with personnel, design alternatives and generie equipment

Coursc modules with learning objectives, tasks, skills and knowledges and medin
Media with tasks

ARTEP tasks with media, tasks and functions

Duplicative Relutionships (D) - possible with any entity

3-25




3.6 SELECTION OF A DBMS FOR THE SDT

The selection procedure consisted of the following three
steps:

1. Determine the requirements of the SDT that apply
to the selection of a DBMS (Section 3.6.1),

2. Select the DBMSs that fulfill these requirements
(Section 3.6.2),

3. Comapre the selected DBMSs to determine the
DBMS(s) most applicable to the SDT (Section
3.6.3)|

Section 3.6.4 reviews the applicable DBMSs. Alternatives

for developing and operating the SDT are considered in
Section 3.6.5. A specific recommendation for developing and
operating the L9T is given in Section 3.6.6.

3.6.1 Determination of the SDT Requirements that Apply to
the Selection of a DBMS

A DBMS with a relational structure at the conceptual level
was desired for the SDT. lHlowever, this must be weighed
dgainst other DBMS features that are necessary for

development of the SDT. These features are the following:
1. Concurrent batch and on-line applications - A

batch operation (i.e., reading punched computer
cards) can be performed at the same time as an on-
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line operation (i.e., a user accessing the DBMS
through a CRT terminal).

Concurrent on-line access for multiple users -
More than one person can simultaneously access the

DBMS through separate CRT terminals.

Security restrictions of the DBMS - The DBMS is
inaccessible to unauthorized users.

Aids for developing user-friendly interfaces -
Programming tools that simplify the use of a DBMS.

Query-facility - An automated aid that simplifies
the examination and retrieval of data items in a

data base.

Data dictionary - A software tool that contains
descriptions of data items and their relation-
ships, but not the data itemg themselves. It is
used to control the development and operation of a

data base.

Report generator - An automated utility that
simplifies the formatting and output of printed
reports on the data in a data base.

Variety of available application languages - The
DBMS must interface with more than one prcgramming
language (i.e., COBOL, PLI, FORTRAN, PASCAL,
etc.).
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9. System accounting facility - An automated utility
that monitors the use of the DBMS rescurces and

its supporting facilities.

10, Journaling or 1logging facility - An automated
utility that monitors additions, changes, or
deletions of data in the data base. It is used as

an "audit trail" for data base operations.

11. Recovery facilities - Automated utilities that
restore a data base to its configuration at an
earlier point in time. They are used after a
computer failure to return the contents of a data

base to their previous values.

12, Variable length segments - the DBMS will accept
data items whose physical storage length imay
vary. This feature is vuvseful for data items with
unknown storage requirements or for data items

with storage requirements that could change.

These 12 DBMS characteristics apply to the development and
operation of the SDT. Their presence in a DBMS is required.

3.6.2 Selection of DBMSs that Fulfill the Requirements of
the SDT.

Fifty-one (51) commercially-available DBMSs were surveyed
through a study of DATA PRO reports (70E-Ol1B-6la and D30-

100-002) and other literature.

Table 3-5 sumnarizes the characteristics of the 51 DNBMSs
that were surveyed., It consists of six items: Vendor of

3-28




DBMS

*ADABAS

ADMINS/I
AMBASE

BASIS

CREATE
*DATACOM/DB

DATA DEMON

DBM-{

DBMS
DBMS 2

DBMS-10
DBMS-11
OBMS-20
DBMS-300

DL/I DOS/VS
oms 1)

OMS 90
DMS-170

DM3-1100

Gnse Monager

CHARACTERISTICS OF COMMERCIALLY-AVAILABLE DBMSs

Vendor of
the DBMS

Software AG of North
America

Admins, Inc.

Amcour Computer
Company

Battalle, Columbus
Laboratories

Complets Computer
Systems

Applied Dsta Resesrch,
Inc.

Gemini Information
Systems, Inc.

Condor Computer Corp.

Prime Computer, Inc.
EGS Systems, Inc.

DEC
DEC
DEC
Compudata Systems, Inc.

Texas Instruments, Inc.

am

Burroughs Corp.
Sperry Univee
Control Deta Corp.
Sperry Univee
Oedicated Systomw, inc.

Exact Systomm &
Programming Corp.

*DBME ssisuted for further study.

**Not swilsble.

TABLE 35

Supporting
Hardware

IBM: 360,370,
303x, 4300

DEC: PDP-11,
VAX-11

DEC: PDP-11

IBM; CDC; Cyber;
Univac; DEC

Data General:
NOVA & Eclipee

1BM: 360,370

Perkin-Elmer;
IBM: Series/1

Cromenco:

System/3
Prime: 400 & 500

Modulsr Computer:

MODCOM?
DEC: System-10
DEC: PDP-11
DEC: System-20
DEC: 300 Series

Ti: DS990,
Models 6§ & 8

18M: 370,
303x, 4300

Surroughs: B
700 or 800

Univee: Series
90 or 90

CDC:6000; Cyber
20, 170, 700

Univec: 1100
Seories

Surroughe: 81700

DG: Nove or
Eclipes
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Primary
Approximate Data
Usage Organization
Moderate Network
Very low Relational
N/A®* N/A
Very low Relational-like
Very low N/A
Low Relationsl
Very low N/A
Very low N/A
N/A Network
Very low N/ &
Low Network
N/A Network
Very low Network
Very low N/A
N/A N/A
High Hierarchics!
Low Network
Vrey low Network
Very low Network
Moderate Netwerk
N/A N/A
Very low N/A

Approx.  Applicability to
Price SDT
$2600/ Very high
month

$40-180K

N/A Low
$18.5K Moderate
$38K Moderate
$18K Moderats
$47-57K Very high
$1000/ Low
month

$17.5K

$10K Low
$20K Low

N/A Very low
$30K High
$16.5K Low
$30K High
$100/mo  Very low
$5K

$2K Very low
$434/mo  Nigh
$23.28M High
N/A Moderste
$730/me  Migh

N/A tagh

K Low

N/A Very low

I




DBMS

DPL

DRS/XBS

EASE DBMS

Gis/2

*10S-1/1t

(OM-Iv)

1DOL

infoflex DBM

INFOMEDIA

INFOTRIEVE

INGRES
IQ/NET
INQUIRE
MADMAN
MIDMS

*MODEL 204

ORACLE

LU/

QCRY

Vendor of
the DBMS

National Informstion
Systems, Inc.

A.R.A.P.

Bloodstock Computer
Services. Inc.

Tesserzct Corp.

Honeywsll Info.
Systems, (nc.

Cullinane Corp.

Sciencs Msnagement
Corporation

Intersctive info.
Systens, Inc.

Mesd Technology
Laborstories

Eduoations! Data
Systoms

INGRES, ina.
Infodets Systenw, Inc.
infodata Systems, Inc.
G.E. Compeny

Nations! Teahnics!
Info. Serviee

Minnesots Detasystoms,
Inc.

Compuer Corp. of

Comtury Anslively, les.

The Mansgoment Group,
ins.

Table 3-5 (continued)

Supporting
Hardware

DEC: System
10 or 20

IBM, DEC, Univac,
coc

OEC: PDP-11

1BM: 380 or
370

IBM: Serie/1

Honeyweil: Series
0000 & 60 Level 88

IBM: 380,370,
03x, & 4300

Wang: 2200;
IBM: Series 1

iam: 380,370,
303x, 4300

DEC: Dastasystem
500 Seriss

IBM: 380 or 370

EDS: Poimt 4;
DG: Nowe

DOEC: POP-11
1aM: 4300
1I8M: 380, 370
DEC: POP.1Y
18M: 380

AaTI: 4000,
9000, or 9000

180: 300, 370,
303x, or 4300

180 380, 370,
o 33

O¥C: POPYY o
VAR

Hoagywell: 200
or 2000

NCR: 101 o
show

ot 300 o 0
Henoywell: $000
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Primary
Approximate Data
Usage Organization
Low Mierarchics!
Low Network
Very low N/A
N/A Hiererchical
Very low N/A
High Network
Moderste Network
Low N/A
Very high Hierarchicsl
Very low N/A
N/A N/A
Very low N/A
Low Relstions!
N/A Network
Low Metwork
N/A Reistionsl-like
N/A N/A
Very tow N/A
Very low Networh
Very low N/A
NA Relntions!
Very ow A
WA WA
Very tow WA

Approx. Applicability to
Price sDT
$988/mo  High
$38-47K

$22-80K High
$8.5K Low
$520-970/ Moderste
mo

$4.1K Low
$400-82K/ Very high
mo

$50K /yr Very high
$364/mo  Moderate
99500

§! High

mo

$12K Low
$2000/ Low

mo

$160K

$2000 Modersts
N/A Low
$40K Moderste
$70-150K  Migh
$20K Low
$450 Moderste
53-8 Low
$50-180K Very high
30K Low
$48-90K Madorete
Sundied Vey ow
free with

Heordaws

$10K Low
/R Moder. ¢




\ Teble 3-5 (continued)
Primary
Vendor of Supporting Approximate Data Approx.
DB8MS the DAMS Hardware Usaga Orgenization Price
*RAMIS I Mathemstics IBM: 380 or 370 High Hierarchy $2243K
Products Group
*SEED Internations! Detn Bese IBM; COC: HP; Very low Network 99.5-28K
Systomm, Inc. ond DEC
Supersetup The Autoreted DG: Nova or Very low N/A $4.9K
Quill, lne. Eclipes
SYSTEM 1022 Softwere MHouse DEC: Systom Low Relations! $24K
10 or 20
SYSTEM Intel Systems 1BM; COC: snd Moderste Netwerk $48K
2000/80 Corporstion Univee
TOTAL Cincom Systems, Inc. I & ment Very high Netwerk S18.8K

majer ninicomputers
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the DBMS, Supporting Hardware, Approximate Usage, Primary
Data Organization, Approximate Price, and Applicability to
SDT.

Vendor of the DBMS refers to the company that distributes
the DBMS. It was included to ©provide additional

information.

Supporting Hardware refers to the computer Thardware
configuration on which the DBMS will operate. In some
instances, only the names of the hardware manufacturers were
included. In these instances, the DBMS will operate on more
than one configuration (or model) of the listed computer

hardware.

Approximate Usage is an estimate of the number of
installations of the DBMS. It is based on the following

scale:
° Very high - greater than 1,500 installations,
® High - 1000 to 1,499 installations,
° Moderate - 500 to 999 installations,
® Low - 100 to 499 installations, aund
° Very low - less than 100 installations.

It infers a rough measure of the popularity of a DBMS within
the computer-user community. However., this inference does
not imply that a greatly used system is better than one of
less usage.

Primary Data Organization is the logical structure of the
lata base at the conceptual level. The structure can be

relaticnal, network, hierarchal, or a combination of these




.

three. However, only the most commonly referenced structure

is listed.

Price refers to the basic system purchase price that was
quoted to DATA PRO in late 1980. The purchase price
generally includes an unspecified monthly maintenance
charge. Monthly or yearly lease/rental plans are

occassionally included.

The column entitled Applicability to SDT is a composite of
the 12 SDT requirements identified in Section 3.6.1. Each
DBMS was examined to determine how many of these 12

requirements it fulfilled. The scale used follows:

Very high = All 12 requirements fulfilled,
High - 9 to 11 requirements fulfilled,
Moderate - 5 to 8 requirements fulfilled,

Low - 3 to 4 requirements fulfilled, and

Very low - 2 or fewer requirements fulfilled.

This column is the deciding factor for selecting DBMS
alternatives for the SDT. Only those DBMSs that ranked very
high (fulfilled all 12 SDT requirements) were selected for
further analysis. These DBMSs are marked with an asterisk

(*).
3.6.3 - Comparison of the Selected DBMS Alternatives
The seven DBEMSs that were selected for further analysis were

ADABAS, DATACOM/DB, IDS-I/II (DM-1V), IDMS, MODEL 204, RAMIS

II, and SEED. Each of these DBMSs fulfilled the 12 SDT
requirements.
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Table 3-6 displays the factors that were selected to
evaluate the seven DBMS altarnatives. These factors, and

their rating systems, follow:

I Primary Data Organization - The major data base
structure at the conceptual level of system
architecture. The three main types, ranked in order of
their applicability to the SDT, are relational (3),

network (2), and hierarchical (1).

11 Usage - The number of installations of the DBMS. The

scale for usage is: over 1,500 installations (3), 500
to 1,500 installations (2), and under 500 installations

(1).

III Selected Features - Of the 12 SDT requirements examined
earlier, six were selected for further study. These
six requirements were fitted to the following scale:
enhanced (3), sufficient (2), and insufficient (1).
The scale signifies the extent to which the SDT
requirement is fulfilled. For example, a rating of 1
states that the DBMS does not sufficiently fulfill a

SDT requirement.

1. System security refers to the extent of data
protection in the DBMS. The characteristic of an
insufficient security facility is DBMS validation
of the user's password. A sufficient facility has
password validation and protects data from
unauthorized modification. An enhanced facility
combines password validation and modification
protection with protection against unauthorized
data viewing and/or data encryption.
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TABLE 3-6

EVALUATION OF SELECTED DBMS ALTERNATIVES FOR THE SDT

ADABAS DATACOM/DB IDS 1/1° IDMS® MODEL 204 RAMIS Ii SEED*

(DM-1V)

. Primary Data Organization 2
Relational-3
Saale Network—-2

Hierarchical—1

il. Usage 2
> 1500 Users-3

Scale 500-1500 Users—2
<500 Users-1

111, Selected Features
1. System security
2. User-friendly aids
3. System accounting facilities
4. Transportability
5. Inquiry/retrieval
6. Report generator
Enhanced-3
Sasle Sufficiont-2
Insutficient—1

W W NN NN

V. Total 18

*DBMSs with grestest total score.

3 2 2 2 1 2

W W N = W8N
W W N NN W
W NN W N
- - N W N
N NN W W N
W W W N N W
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User-friendly aids are software tools that
simplify user interaction with the DBMS. An
insufficient aid simplifies the development of
application programs. A sufficient aid has a
"HELP" facility to provide the user with on-line
documentation about system functions. An enhanced
facility provides an on-line tutorial that |is

oriented to the uninitiated user.

System accoutning facilities automatically track
the use of system resources. An insufficient
facility would only track statistics of DBMS
utilization. A sufficient facility would 1log
these statistics and simplify the development of
an equitable algorithm for billing system users.
An enhanced facility would produce user billing
reports based on logged statistics and the billing
algorithm.

Transportability is the ability to use the DBMS on
different computers. An insufficiently
transportable DBMS can only be used on a single
model of a computer (i.e., IBM 370). A
sufficiently transportable DBMS can be used on
more than one model of a line of computers of a
single manufacturer (i.e., IBM 360, 370, and
3033). Enhanced transportability is a DBMS that
can be used on a variety of computers of different
manufacturers {(i.e., IBM, UNIVAC, and Honeywell).

Inquiry/retrieval facility 1is the utility that

simplifies user access to data in a data hase. An
insufficient facility is used through application
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programming languages only. A sufficient facility
is available to the on-line user. An enhanced
facility has an on-line language with simple,
English-like text.

6. Report generators simplify the formatting and
output of the data base reports. An insufficient
generator is used through application programming
languages only. A sufficient generator |is
available to the on-line |user. An enhanced
generator has an on-line language with simple,
English-like text.

The six SDT requirements that were not selected for further
analysis were generally equivalent in each of the seven
alternative DBMSs.

The DBMSs with the greatest total scores are most suitable
for the develoment and operation of the SDT. These DBMSs,
marked with asterisks (*), are IDMS, IDS-I/II (DM-IV), and
SEED.

3.6.4 Review of the Applicable DBMSs

IDMS is a Cullinane Corporation DBMS that conforms with the
CODASYL PLC DBTG specifications. It operates on several IBM
mainframe computers. Some features of IDMS are the
following:

Data dictionary,
Optional query facility,
Optional report generator,

Network data base structure,
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°® Requires 75,000 bytes of on-line storage space,
and
° One year license fee of $50,000.

The strengths of IDMS are its CODASYL orientation and the
good reputation of its vendor--Cullinane Corporation. It

has over 700 installatiouns.

IDS I/I1 (DM=-1V) are Honeywell software products with over
1,000 installations on Honeywell mainframe computers. IDS I
(Integrated Data Store 1) was introduced in 1974 and was
considered a "defacto" CODASYL PLC DBTG system. IDS II was
introduced in 1975 and conforms completely to the CODASYL
PLC DBTG standards. DM-1V (Data Manager-1V) is a File
Management System that integrates IDS II (the DBMS) with
supporting software systems to provide complete data
management facilities. Some of the features of DM-IV/IDS II
are the following:

Data Dictionary,

Query facility,

Report generator,

Network data base structure,

Multiple application languages,

Requires 12,000 words of on-line storage space,
and
° Priced at $2,300/month.

The strengths of DM-1V/IDS Il are its CODASYL orientation,
popularity, and the support of its vendor - lioneywell, Inc.

SEED is a DBMS product of International Data Base Systems,
Inc. It is primarily written in FORTRAN and has been
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installed on a variety of computers. However, it has

relatively few 1installations. Some features of SEED
follow:

° Data dictionary,

[ Optional Query facility,

° Optional Report generator,

o Network data base structure,

. Requires 20,000 to 50,000 bytes of on-line storage

space, and
Priced from $9,000 to §15,000.

SEED's strengths are its high degree of transportability and

its low price.

3.6.5 Alternatives for Developing and Operating the SDT

Three alternatives for developing and operating the SDPT have

been identified. They are the following:

1.

DRC personnel develop the SDT on non-DRC computer
equipment. This equipment is selected for its
compatibility to existing Army computer
hardware. The SDT is developed with a DBMS that
is highly transportable - SEED - and the necessary
programming aids. The SDT resides in the selected
computer hardware and is accessed through remote
and local terminals. The users are responsible
for operating the SDT. DRC maintains the SDT,

probably through a remote terminal interface.

DRC develops, implements, maintains, and operates
the SDT on DRC's Honeywell DPS-8/52 computer. The
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SDT is developed using DM-IV/IDS II, Middleware,
and other programming aids available at DRC. The
users access the SDT through remote ternminals

interfaced to DRC's computer facility.

3. DRC develops and implements the SDT on an Apple II
Plus microcomputer with an interface to a DBMS
that will reside in DRC's Honeywell computers.
The users access the SDT DBMS through remote Apple
Il Plus Microcomputers with resident SDT software
(i.e., the computer programs that will reside in
the Apple II Plus microcomputers and perform the
SDT functions). DRC operates and maintains the
SDT DBMS and maintains the SDT software.

3.6.6 Specific Recommendation for Developing the SDT

At this time, DRC recommends the third alternative -
developing and operating the SDT using a DRC DBMS with the
user interfaces through Apple II Plus microcomputers.

The first alternative - developing the SDT on a non-DRC
computer and DBMS - is rejected because of the cost of
familiarizing the DRC staff with this configuration. The
SDT could not be developed given the current funding
constraints. In addition, the effectiveness of remote
terminal maintenance of the SDT is questionable. Travel
time for the SDT maintenance crew would have to be¢ included
in a cost estimate of this alternative.

The advantages of alternative two - developing the SDT using

DRC's Honeywell DPS-8/52 computer and the DM-IV/IDS Il - are
the following:
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1. DRC has the necessary computer hardware and
supporting software to develop and operate the
SDT.

2. DRC personnel are familiar with this computer

configuration.

3. DRC's DM-IV/IDS II is one of the three DBMSs

recommende. for the SDT.

3. DRC computer facilities are available seven days a

week, 24 hours a day.

Alternative two 1is recommended if alternative three \is

technically and/or economically infeasible.
Alternative number three - developing the SDT on an Apple

computer with an interface to a DRC DBMS-requires further

study to determine its technical and economic feasibility.
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SECTION 4 - SDT DESCRIPTION

This section provides a detailed description of the SDT.
The description builds wupon all of the research and
development conducted during the first year of the study,
including the review of existing DoD and Army policies and
procedures (Appendix A), the review of psychological
literature relating to the design process (Appendix B), the
review of literature relating to human-computer interactions
(Appendix C), the SDT information specification (Section 2),
and the review of automated system description tools
(Section 3). The description outlined in this chapter is
expected to serve as an example of the major SDT development

efforts which will occur during the second year.

The chapter is divided into seven sections. The first
section will provide a: overview of the optimal SDT
characteristics. The second section will describe the
likely users of the SDT. The third section will provide a
description of the physical characteristics of the SDT. The
fourch section will provide an overview of the basic SDT
process. The fifth section will describe its different
modes of operation. The sixth section will provide a more
detailed description of the operational uses of the SDT by
listing examples of the types of interactions that can be
expected under each mode of operation. The final section
will describe the features of an initial version of the
SDT. During the present three year ETES study, the goal
will be to develop the initial version and then to augment
it with as many features of the optimal versicn as is
possible until the funds allotted in the present study have
been expended. This strateqy is necessary to insure that an




operational SDT product will be available at the end of the
study. Actually, even the initial version of the SDT will
be a rather sophisticated and powerful tool.

4.1 OVERVIEW OF SDT FEATURES AND RELATIONSHIP TO OTHER
SECTIONS

The SDT will be an automated tool for describing actual and
projected system elements, including functional
requirements, design concepts, task skills, training program
elements and their associated resources; for storing the
above information:; for changing and updating this
information; and for transmitting the information among all

of the participants in the acquisition process.

A detailed description of the information elements which
will be described by the SDT is in Section 2. Description
of the use of the SDT within the context of early training
estimation and existing Army policies and procedures is in
Appendix A and Section 2.4.

As a result of the review of automated tools described in
Section 3, a data base management system was determined to
be the best vehicle for the SDT. Finally, the SDT will be
specifically designed to meet the human-computer interaction

requirements for uninitiated users identified in Appendix C.

4.2 USERS CF SDT

The SDT will be accessed by three different groups: (1)
Primary Users - Primary Users are the people who will
actually use the SDT on a “"day-to-day"” basie to describe and
update system concepts and to obtain information on current
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system characteristics (Table 4-1 1lists the organizations
that are likely tn be the primary users of the SDT for an
emerging weapon system), (2) Data Base Directors (DBDs) -
the DBDs validate the design and utilization of the SDT data
base, and (3) SDT Management Group - the SDT Management
Group maintains and operates the SDT.

4.2.1 Primary Users

Each primary user will be connected to the SDT by at least
one remote terminal. Some primary user organizations (e.g.,
training developmeats and the DARCOM PM) are likely to have
more than one terminal since they will have a number of
individuals with a need for SDT data base information. It
is expected that all primary users will interface with the
SDT in an interactive mode. To irput data in a batch mode,
they must transmit this dJdata to either the Data Base
Directors or the SDT Management Croup who will then input
the data into the system. It is expected that the primary
uzers of the SDT will have little, if any, computer
skills. Consequently, all of their interactions with the
SDT will be through a hiqghly transparent user interface chat
will utilize menu-selection, form-filling, and question-and~
answer computer dialogue techniques to elicit in—ut data and
commands (see Appendix C for a discussion of these
techniques), This type of transparent interface will mean
that the users will only be required to learn the commands
associated with calling up the SDT system., From that point
on, they will be led through the ucilization of the SDT and
will not have to generate any more comnands on their own.
(They should, of course, have real the SDT users manual to
find how the SDT can, and should, be used.)
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Table 4-1 PRIMARY USERS OF SDT

« TRADOC System Manager (TSM) for System

«  Training Developments (within Related Schoot)!

. Combat Developments (within Related Mission Arca)

. DARCOM Program Management Staff for System!

« TRADOC Systems Analysis Activity (TRANSANA)

« DARCOM Materiel Readiness Support Activity (MRSA)2
. Individual Contractors

. Others

lindicates organization likely to have more than one terminal interfacing with
SDT.

2The MRSA connection with the SDT will be designed to provide an SDT interface
with the automated LSAR.
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4.2.2 Data Base Directors (DBDs)

The DBDs will have the same capabilities as the primary

users for entering, storing, and accessing SDT informa-

tion., The Data Base Directors will have two additional
responsibilities:
a. The DBDs will be responsible for overseeing the

general development of a system-specific SDT data
base. In this role, they will direct the SDT
Management Group to set up and maintain a data
base for the system; direct others to input,
update, and utilize SDT data; and determine what
data elements can be changed, who can change them,

and when they can be changed.

b. The DBDs will have the capability, together with
the SDT Management Group, for batch input and for
producing block diagrams to represent various

system relationships.

It is expected that the DBDs will also be uninitiated users
with 1little, if any, computer experience. Consequently,
they will interact with the SDT via the same transparent
user interface that will be used with the primary users
(i.e., menu selection, form-filling, and question-and-answer
dialogues). Management directions for the SDT will be
transmitted via normal communications media (e.g., mail,
phone) and not through the automated SDT.

It is likely that one of the user organizations listed in
Table 4-1 will also fill the Data Base Directors role (the
most likely candidates being Training Developments, the TSM,




or the DARCOM PM). Exact specification of an organization
to fulfill this role will be made during the ETES
implementation phase. It may be necessary to create a
multidisciplinary group from combat developments, training
developments, and the TSM group at a specific school to
assist the DBDs in performing their functions rather than

relying on a single organization.

4.2.3 SDT Management Group

The SDT Management Group will be responsible for overseeing
the application of the SDT on an Army-wide basis. In this

capacity, they will:

- Maintain and update the SDT-DBMS including
computer programs relating to data input and
output, data storage and retrieval, and the DBMS

external, conceptual, and internal models.

= Operate the central processor to handle SDT
applications and direct its use among the various
SDT users.

- Direct and maintain the physical storage of the
SDT-DBMS system programs, the system-specific data
bases, and the archival files.

- Provide a batch input/output and graphics output
capabilities (in addition to the standard SDT

input/output capabilities).

- Assist users and DBDs in utilizing the SDT.
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- Provide formal training to SDT users.

= Plan, develop, and implement short-term and long-

term SDT improvements.

- Provide data to other Army organizations for
related applications (e.qg., total force

requirements analysis).

- Promote the use of the SDT among Army

organizations.

In contrast to the other two SDT user groups, the SDT
Management Group 1is expected to have individuals with
sophisticated computer backgrounds -- sophisticated enough
to develop and maintain programs for all of the SDT
functions. In addition to fluency in standard computer
languages, the SDT Management Group will require individuals
that understand the SDT-DBMS system.

4.3 PHYSICAL DESCRIPTION OF SDT

Figure 4-1 provides a general description of the SDT
physical characteristics. The design outlined in Figure 4-1
should minimize requirements for the purchase of new
equipment Ly participating Army organizations. More details
on the hardware associated with the three different user

groups is presented in the sections which follow.

4.3.1 Physical Description of Primary User liardware

The primary users of the SDT will each require a terminal
with a keyboard, a CRT with textual capabilities (as a
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minimum), and a printer. This set of equipment will allow
the user to input data interactively; to access, update, and
modify data; and to receive outputs of SDT information in
tabular 1listings, which will be the standard SDT output
format. However, the primary users will not be able to
directly input batch data or to produce output in block
diagram forml. However, they can have these functions
performed indirectly through the DBDs or the SDT Management
Group. There are two major reasons for not providing the
primary users with these additional capabilities. First,
the SDT is geared to be utilized with existing equipment and
it is 1likely that a number of primary users will not have
access to the -equipment (plotters, CRT terminal, card
reader, and tape reader) required to provide batch input and
graphical output. To provide these users with such
equipment would be very expensive and this expense would be
likely to diminish SDT utilization. Second, all of the
information contained in the ©block diagrams could be
represented in tabular format. Admittedly, this data may be
slightly more difficult to wunderstand in this format.
However, the analyst need only utilize this data until a
diagram is obtained from the DBDs or the SDT Management
Group.

It should be noted that some primary users (e.g., training
developments, program managers) are likely to have more than

one of the terminal set-ups described in Figure 4-1.

1 An alternative conceptualization of the primary user
equipment set-up which is being considered i3 to have each
primary user have his own intelligent terminal with
accompanying graphics capabilities.
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4.3.2 DBDs Physical Equipment Description

The DBDs will have the same physical equipment as the
primary user (remote terminal, CRT display, and printer)
plus additicnal equipment to provide a batch input
capability (card readers and tape readers) and a graphics
output display capability for block diagrams (plotter). It
should be noted that the DBDs is likely to be one of the
primary wusers (most 1likely the TSM, PM, or training
developments). Also, primary users who have a great demand
for a batch input capability or a graphics output capability
could add the appropriate hardware without any disruption of

the overall system.

4.3.3 SDT Management Group Physical Equipment Description

The SDT will have all of the hardware capabilities of the
DBD (terminal, CRT display, printer, and reader, tape
reader, and plotter) plus the central processor, and
physical storage capabilities for the SDT DBMS programs,
system-specific data bases, archival data, and data
dictionaries. Thus, the SDT Management Group will require a

fairly complete data processing capability.

4.4 OVERVIEW OF SDT PROCESSES

An overview of the general SDT processes is presented in
Figure 4-2, The SDT will have the capability of inputting
three different types of data: batch input of SDT data
sheets, batch input of related acquisition data, and
interactive input of SDT data sheets. The SDT DBMS external
model will provide the mechanism for reading this input data
and translating it into a format suitable for the conceptual
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model. Directions for interactive input of data will be
provided by the SDT executive director programs. The SDT
input data will be translated into a form which matches the
conceptual model of the DBMS. Once it has been translated,
the data will be evaluated for consistency against data
already in the data base and, if consistent, the data will
be entered into the system-specific data base. However,
this will be done only after the SDT executive director has
determined that the user has been cleared to enter that type
of data into the data base.

Once in the data base, the data is continuously updated,
modified, and expanded. Direction of these changes is
provided by the SDT executive director programs. These same
programs are used in selecting and generating output data.
Five different formats for outputting the data will be
available: specialized SDT lists, standard SDT lists, block
diagrams, output formatted for input into other ETES
procedures, and output formatted to correspond to the format
requirements of speciflic acquisition documents.

4.5 MODES OF OPERATION FOR PRIMARY USERS AND DATA BASE
DIRECTORS

This section describes the different modes of operation that
will be available to the primary users and Data Base
Directors.? The SDT will have five primary modes of
operation: sign-on/status check, system examination, input,
update/modify, and output. System examination will display

2 The modes of operation for the SDT Management Group, who
will be concerned with software development and maintenance,
will, of course, be much more complex.
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selected data in the SDT data base. The Input mode is used
to input data to the SDT data base. The Update/Modify mode
is used to change, replace, or delete existing data in the
SDT Gata base. Output is used to obtain a printed copy of
selected data from the SDT data base.

The user entering the system sign-on/status check mode, will
be able to select the mode of operation he would like to
begin with. As he progresses through transactions, he may
proceed to different modes in an alternating fashion. The
classification of transactions into modes facilitates the
sequencing of the transaction frames which will lead the
uninitiated user through the SDT. More details on these
different modes of operation are provided in the sections
which follow.

4.5.1 Sign-On/System-Status Check

This is the first mode of operation for every user. During
this mode of operation, the user is provideéd with (1)
references for obtaining a detailed description of the SDT,
(2) a general overview of the items that are currently in
the data base for the system in which he is interested, and
(3) a general description of the updates, modifications, and
additions to the data base that have occurred since he last

utilized it.

After the sign-in/system status check, the user will be
provided with an opportunity to select which of the
remaining four modes of operation he would like to enter
first.
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4.5.2 System Examination

During this mode of operation, the user can examine data
which 1is currently in the data base. In conducting this
examination, the user will have the option of either
selecting from a predetermined set of information or being
led through the data in top-down hierarchical fashion to
examine specific elements within a class of information. In
the latter approach, he will be presented with a menu of the
items at each level in the hierarchy and he will be asked to
select which item in the menu he would like to examine in
more detail in the next frame. When the user is finished
going down a branch as far as he would like to go, he can

start over again at the top of the hierarchy.

4.5.3 Input Mode

This mode of operation refers to interactive input only.
Thus, in the first frame, the user will be told that he can
oniy input data interactively and that if he wants to enter
bat.ch data he must do so by sending his data to the DBDs or
SOT Management Group who will have batch capabilities. To
input data the user will be presented with a list of the
possible input formats he may use and he will be asked to
select a format. The selected format will then appear on
the screen and he will begin to fill in the necessary data
(as many of the data elements as possible will be filled in
automatically by the SDT). When he has completed one
format, the next format will appear on the screen and he
will fill that in, etc. When he has completed inputting the
information, the SDT will check his information for
congsistency with existing data and the SDT conceptual model.
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The user will then be asked to correct his errors.> When
all errors have been corrected, the user will be presented
with a summary of the input data he has developed and he
will be asked if he wants to place these information
elements into permanent storage in the DBMS. If he does,
the system will then determine if the user has been cleared
to store data of that type. If he does have clearance, this
information is stored. If he doesn't have this capability,
the user is recommended to go to the output mode to receive
a hard copy of his data and to call the DBD to clarify his
role.

The input mode is used to add information to the DBMS for
specific entities. There wili be a separate data input
sheet for each entity and different types of input sheets
for the different classes of entities. If the user wants to
change information, he is directed to enter the update/

modify mode.
4.5.4 Update/Modify Mode

During this mode of operation, the user may (l) eliminate a
complete entity and its corresponding attributes (i.e., a
single input worksheet), (2) eliminate an entire class of
entities, (3) eliminate an attribute value on a specific

datasheet, and (4) replace an attribute va’ue with another.

Again the method for making these updates and modifications
will be based on a top-down hierarchical approach in which

3 If inconsistencies still existed between data in the data
base and input data, the user would be asked to call the DBD
for instruction.
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the user will use menu-selection to select items and work
his way down a hierarchy until he has reached a specific
entity. At that point, the worksheet associated with that
entity will be placed on the screen and the user can make

the appropriate modifications and updates.
4.5.5 Output Mode

In this mode the user selects what data he would like to
have outputted and the type of output he would like to
obtain. The user will have two options for selecting the
data elements he wishes to output. First, he can select a
report type from amcig a standardized set of common output
report formats (this will be the quickest way to obtain
output data). Second, he can elect to output data he has
worked with or developed in the previous modes. Mere
specifically, he can have outputted all the data he examined
during the examination mode, all the data he input during
the input mode, and/or all of the data sheets associated
with the data elements he modified or updated during the

modify/update mode.

Five dJdifferent types of output formats will be available:
(1) specialized SDT output that describe the subsets of data
examined, input, or modified by the user; (2) standard SDT
outputs; (3) block diagrams (hierarchical activity flow and
information flow): (4) specialized output formats tailored
to produce output in a form which is congruent with the
input data requirements of other ETES technologies (e.q.,
the simulation models):; and (5) specialized output formats
tailored to produce output in a format which is congruent
with the input data requirements of other analyses in the
acquisition process (e.g., the LSAR).
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Primary users will not be able to directly obtain bhlock
¢iagrams at their terminal sites since they may not have
graphics capabilities. However, they can receive the block
diagrams from the DBD or the SDT Management Group who will

have a graphics capability for producing block diagrams.
4.6 OVERVIEW OF SDT OPERATION

The SDT will utilize three general types of human-computer
dialogue formats in transactions with primary users and the
DBDs%: menu selection, form-filling, and question-and-
answer. Form-filling will be used as the primary mechanism
for inputting, updating, and modifying data. Menu selection
will be used as the means for systematically searching
through the SDT data to select data for examination,
update/modification, and output. Question-and-answer will
only be used in a small number of situations where there are
questions involving a fairly well-defined answer space
(e.9., how many input sheets do you want to enter). A more
detailed description of the operation of the SDT is
presented in the section which follows.

4.7 FEXAMPLE I(NTERACTIONS

To provide the reader with a more concrete picture of the
operation of the SDT, th.s section provides a detailed
description of the types of interactions that are likely to
occur under each of the five modes of operation (sign-
on/status check: system examination; input; update/modify:

4 The sDT Management Group is expected to be able to use
more sophisticated dialogue.
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and output). The interactions for each mode of operation are
presented on a frame-by-frame basis where each frame roughly
corresponds to the information that would appear on the CRT
screen at a single point in time. The example frames

presented in this section are not meant to be a verbatim

description of the actual frames which will be used for

SDT. The examples simply denonstrate the type of
information that can be expected to “e incorporated in the
different interaction modes. The frames are frequently
interspersed with comments which summarize or further
erplain the types of information which can be expected to be
p:aced on each sheet. Figure 4-3 is a schematic
representation of the relationships among these frames. It
represents the structure of the automated SDT.
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Mode: Sign-On/Status Check Frame 1-1
Title: Introduction to SDT

Welcome to the System Description Technology (SDT). This
SDT is an automated tool for describing actual and projected
elements including functional requirements, design concepts,
tasks, skills, training program elements and their

associated resources.

You should not attempt to use the SDT until you have read

the SDT users manual. You may obtain a manual from the SDT

Management Group which is located at (autovon) or the data

base director for your system ( ).

If you have any questions about the use of the SDT at any
time, please feel free to call the SDT Management Group or

your data base director.

(User would continue on to frame 1-2)
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Mode:
Title:

Sign-On/Status Check Frame 1-2

System Selection

Listed below are the systems which currently have an SDT

data base.

Please type in the number of the system you

would like to work with.

1.
2.
3.
4.
5.

Number

XXX

XXX

XXX

XXX

XXX

« XXX

XXX

XXX

O 0 o

» XXX

10. xxx

(User would continue on to frame 1-3)
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Mode: Sign-On/Status Check Frame 1-3
Title: System Status

Listed below are the systems which are currently in the data
base for your system and the elements which have been added
or modified since your last interaction with the SDT.

Items Added

Person Date of Modified Since
Making Last Last Your Last
System Transaction Transaction Transaction

(User would continue on to frame 1-4)
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' Mode:
Title: Mode Selection

Sign-On/Status Check Frame 1-4

The SDT has four modes of operation:

System-Examination: This mode is used to examine data

which is currently in the data base, etc. (see page _ )

Input: This mode is used to input data, etc. (see
page _).

Update/Modify: This mode is used to eliminate or

modify data already in the data base, to replace

obsolete or incorrect data values, etc. (see page _).

Output: This mode is used to obtain a hard copy output
of elements in the SDT (see page ).

Stop: I am finished using the SDT.

Please type in the number of the mode of operation you would
like to use first. Unless you have something fai-.ly
specific in mind, ycu probably want to start with a system
examination (Mode 1).

Number

(User would go to frame 1-5)
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Mode: Sign-On Status Check Frame 1-5
Title: Mode Control

Before entering the mode you have chosen, it is impeortant to
point out that you can use the following commands to obtain
immediate withdrawal from a mode or a particular interaction

within a mode:

BACK: By typing in this command, you can immediately leave
the particular set of transations in which you are involved
and return to the beginning of that mode.

WAYBACK: By typing in this command, you can return to the
mode selection option and select a new mode.

The above commands are only necessary when you want to
interrupt the normal flow of the SDT transactions. If you
do not interrupt, you will automatically be given a chance
to enter another mode when you have completed your
transactions in the current mode you have selected.

(User would go to the first frame of the mode he selected)
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! Mode: System Examination Frame 2-1
Title: Selection of Entity

Listed below are system elements currently in the data base

for your system. Please type in the number of the system
element you would like to examine first.

Items Added
or Modified

Person Date of Since your Associated
System Making Last Last Last Design Alter-
Element Transaction Transaction Transaction native(s)

l. Functional
Requirements

2,

3.

4.

5. Tasks

(Assume that

user types in
No. 5: Tasks)

(User would go to frame 2-2)




Mode: System Examination Frame 2~-2

Title: Selection of Subset Type

Tasks may be grouped in several different ways. Listed
below are the ways in which tasks may be grouped for
examination in the SDT. Please type in the number of the
way in which you would 1like the tasks grouped for
examination.

1. Tasks by general task type (operator tasks, maintenance
tasks, support tasks)
2. Task by MOS and duty position

3.

4. Tasks by equipment

5.

6. Tasks by equipment and task type
7-

(Assume the user types in "6" indicating that he wants tasks
by equipment and by task type.)

Listed below are the current design alternatives. Please
type in the number of the design alternative for which you
would like to examine the above information.

H W N

Number .
(User would go to f_.ame 2-3)
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Mode: System Examination Frame 2-3

Title: Selection of Special Subset

You have chosen to examine tasks by equipment and task type.

Listed below are the hardware subsystems and the task types

which are currently in the data base for your system.
Please type in the numbers of the equipment and task types

you would like to examine in the spaces provided below.

Equipment Task Types

1. All subsystems 1. All tasks

2. Fuel 2. Operator task
3. Turret 3. Maintainer task
4. Engine 4. Support tasks
5.

6.

7.

Equipment Numbers

Task Type Numbers

{agsume user types in 1 for equipment and 3 for task types)

(User would go on to frame 2-4)
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Mode: System Examination Frame 2-4

Title: Display Selection

Listed below are the maintenance tasks for all of the

equipme.it subsystems.

(User would go on to frame 2-5)
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Mode: System Examination Frame: 2-5
Title: Output

Do you want a printed output of the information you have
just examined?

1. yes 2. no

The computer will remember that you want an output of this
infomation. You may continue to examine additional system
elements. When you have completed your examinations, you
can enter the output mode and have this and any other system
information you have examined printed out in a hard copy.
Or you can enter the output mode and obtain a printed output
immediately.

(User would continue on to frame 2-6)
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Mode: System Examination Frame 2-6

Title: Reinitialization of System

Do you want to continue examining system elements {(that is,

to stay in the system examination mode).
l. vyes 2. no

(If the user typed in "1" (yes), he would be sent back to
frame 2-1 to begin the examination process over. If the
user typed in "2" (no) indicating that he wanted to go into
a new mode of operation, he will be sent back to frame 1-4
to select another mode of operation.)
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Mode: Input Frame 3-1
Title: Introduction

The steps which follow will allow you to input data
interactively (that is directly on the display screen). If
you want to enter data in batch mode (that is, you want to
fill out data sheets manually and submit these completed
data sheets or you want to enter data which is already on
computer cards or tape), you must contact the data base
director for your system or the SDT data base management
group and make arrangements for them to enter this data into
the data base for you.

Remember, this mode of operation can only be used to add an
entire data sheet. If you wish to add an item to a data
sheet, you should enter the Update/Modify mode.

Do you want to continue in this mode?

l. vyes 2. no

(If he types "1" (yes), he will continue on to the next

frame, 3-2. If user types "2" (no), he is sent back to
mode-selection frame, 1-4.)
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Mode: System Input Frame 3-2

Title: Selection of Data Sher:t

Listed below are the different types of data input sheets
which are used in the SDT. Please type in the number of the
type of data sheet you would like input first.

Data Input Sheet Description

1.
2.
3.
4.

N
.

[> < IS - )

. Maintenance task lists
9.

(assume the user typed in “8", indicating he wanted to input
maintenance task lists).

How many of these data sheets do you want to input?

(User types in number)

(User would go on to frame 3-3)
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Mode:

Input Frame 3-3

Title: Input Directions

Before inputting data, it is important that the followiig

guidelines be reviewed (see the User manual for a more

detailed description).

l.

If you make a mistake in inputting data on a sheet and
you have not left the line containing the incorrect
information, you can correct the error by backspacing
and typing in the line again.

If you have left the 1line with the incorrect
information, you cannot correct the data in the input
mode. You must continue and go into the update/modify

mode later to correct your errors. You can, however,
eliminate the entire input sheet by typing in -- at any
time.

You do not have to fill out all of the items in the
data input sheet. Fill out as many items as you can.
You will have an opportunity to add to the data sheets
later.

The data input sheets will often have a 1listing of
possible answers and/or a range of legitimate values
for many of the data items.

To obtain additional guidance in filling out the data
sheets, particualarly in using output from other parts
of the data base to help you fill out information,
please see your manual, section _.

(User would continue on to frame 3-4)
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Frame 3-4

Mode: Input
Title: Data Input Sheets

(The user would now be presented with a formatted data input
When he reached the end,
in the

sheet which he would fill in.
another sheet would appear and he would type
information for the next sheet, etc. User would eventually

go on to Frame 3-5.)
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Mode: Input Frame 3-5
Title: Select Input Mode

You have just completed filling out your xxx sheet. Please

type in the number of the action you would like to take

next.

1. Input more data input sheets of this type
2. Input another type of data input sheet

3. Go into another mode of operation.

(If the user typed in "1" he would be asked how many more
sheets he wanted to type in and then he would be presented
with the sheets. If he typed in "2", he would go to frame
3-6. If he typed in "3", he will also be sent to frame 3-
6.)
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Mode: Input Frame 3-6
Title: Storage

Do you wish to store the data items you have input?

l. vyes 2. no

(If user answers yes, the system will check to see if the
user has been cleared to store data of that type. If he has
not been cleared, a message will appear on the screen
telling the user that he has not been cleared to modify and
store data of that type and he will be asked to contact his
data base director or the SDT Management Group. If he is
cleared, and his data has been stored, he will be told he

has been cleared and sent to frame 3-7.)




Mode: Input Frame 3-7
Title: Uutput

Do you want a printed output of the input data sheets you

have just examined?

l. yes 2. no

Do you want to input more data?

1. yes 2. no

(After typing "1" or "2" to the second question, the user
would be sent either to frame 3-2 if he indicated he wanted
to input more data or to frame 1-4 if he indicated he wanted
to enter another mode. {(Assume user typed in "1" (yes) for
both questions.)

The computer will remember that you want an output of this
information. You may continue to input additional system
elements. When you have completed inputting data, you can

enter the output mode and have this and any other

information you have input printed out in hard copy.

e
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Mode: Update/Modify Frame 4-1

Title: Introduction

This mode will allow you to (1) replace the curreunt value of
an item in an existing input sheet with anotner value, (2]
eliminate an entire input sheet, (3) eliminate data items in
a data sheet, (4) eliminate a system element and all of its
associated data (e.g., eliminate a subsystem and all data
collected with it), and (5) change the name of a particular

data item.

Note: If you want to add an entire input sheet you must

enter the input mode to do so.

Please type in the number of the modification you want to
make.

1. Replace the current value of an item in an existing
input sheet with another value
2, Eliminate an entire input sheet

3. Eliminate data items in a data sheet

4. Eliminate a system element and all of its associated
data

5. Change the name of a particular data item

Number

(If the user types in "1", "2", or "3", he is sent to frame

4-2; if he types in "4" he is sent to frame 4-3; if he types

3

in "5", he is sent toc frame 4-7).

(User would go on to frame 4-2)
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Mode: Update/Modify Frame 4-2
Title: Selection of Sheets I

Do you have a specific sheet you would like to eliminate,

update, or modify?
l. vyes 2. no

If "yes" enter the numhbers of those sheets
Numbers
Numbers

etc.

(If user enters "yes", the identified sheets would then
appear on the screen-as in frame 4-10 after the user has

answered the following questions).
Do you want to eliminate any input sheets?
l. yes 2. no

(If he answered "yes", he is asked the question which
follows. If he answers "no", the specific data sheets he has
chosen to update and modify will begin appearing on the

screen as in frame 4-10).

Enter the numbers of the sheets you want to eliminate
Number
Number
Number

etc.

(After eliminating sheets or updating or modifying sheets,
the user will be sent to frame 4-12)
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Mode: Update/Modify Frame 4-3

Title: Selection of Input Sheet Type

Listed below are the different types of input sheets
currently in the system., Please type in the number of the
type of sheet you would like to update/modify/eliminate
first.

Data Input Design Currently
Sheet Description Alternative in System (X)
1.
2,
o
4,
5
6. Tasks
Number

(Assume the user types in "6")

(User would go on to frame 4-4)
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Mode: Update/Modify Frame 4-4
Title: Selection of Sheets II

Do you want to update, modify, or eliminate all the task
data sheets?

1. yes 2. no

(If he answers "yes", then the input data sheets of that
type will start appearing on the screen one right after
another as in frame 4-11. 1If he answers "no", he is sent to
frame 4-5, which will direct him to search through the data
and select the subset of input data sheets within the more
general type he would like to update/modify/eliminate. After
all of the relevant data sheets have been modified or

updated, the user will be sent to frame 4-12.)
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Mode: Update/Modify Frame 4-5
Title: Selection of Subset Type (example)

Listed below are the different ways in which task input data
sheets may be grouped. Please type in the grouping related
to the subset you would like to modify/update (for example)

1. Tasks by general task type (operational tasks,
maintenance tasks, support tasks)
2. Tasks by MOS and duty position

4. Tasks by Equipment

6. Tasks by Equipment and Task Type

(Assume user types in "6" indicating that he wants to group
input data sheets by equipment and task type).

Listed below are the current design alternatives. Please
type in the number of the design alternatives for which you

would like to examine the above information:

1. all S.
2. 'Bl
3. 7.
4I 8‘
Number

(After typing in the number, the user would be sent to frame
4"6).
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Mode: Update/Modify Frame 4-6
Title: Selection of Specific Subset

You have chosen to group tasks by equipment and task type.

Listed below are the hardware subsystems and the task types

which are currently in the data base for your system.
Please type in the numbers of the equipment and task types

you would like to update/modify/eliminate in the spaces
provided below.

Equipment Task Types

l. All Subsystems l. All tasks

2. Fuel 2. Operator tasks
3. Turret 3. Maintainer tasks
4, Engine 4. Support tasks

5.

6.

Equipment Numbers

Task type Numbers

Do you want to eliminate all of the data input sheets in
this subset?

1. yes 2. no

(If he answers "yes", they are eliminated and he is sent
back to frame 4-2. If he answers "no", it is assumed he
wants to update/modify the individual sheets in the subset
and the sheets will start appearing on the screen as in 4-
10. However, as each input data sheet appears on screen, he
will be given an opportunity to eliminate it. After
modifying/ updating the individual ‘nput data sheets, he is
sent to frame 4-12.)
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Mode: Update/Modify Frame 4-7
Title: Changing the Name Of A System Element - Level 1

If you want to change the name of a particular data item,
you must first identify the class of data items of which it
is a member. Listed below are the different types of data
items which are in the SDT. Please type in the number of
the type of data item whose name you would like to change.

1. Functions

2, System Design Concepts
3. Tasks

4.

Listed below are the current design alternatives. Please
type in the number of the design alternatives for which you
would like to modify the name

Number

(After typing in the number, the user would go on to frame
4-8-)
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I Mode: Update/Modify Frame 4-8
Title: Changing the Name of the System Elements - Level 2

Please type in the ID number of the item(s) whose names you
would like to change. These ID numbers can be obtained by

examining the input data sheets associated with the system

elements.

Numbers

(After filling in the numbers, the user would go on to the
next frame 4-9.)
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Mode: Update/Modify Frame 4-9
Title: Changing the Name of System Elements - Level 3

Please type in the new names you wish to use for the current

system elements listed below.

ID Number Current Name New Name
XXXXX XXXXXXX
etc.

(After completing these changes, the user would be sent to
frame 4-12)
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Mode: Update/Modify Frame 4-10

Title: Directions for Adding/Modifying Data Sheets

You can add or modify items in the data sheets which appear

on the screen by (1) skipping to the line you want to modify

using the line advance Xey on your keyboard and (2) typing
in (if adding a new item) or typing over (if replacing an
existing item) the appropriate information on that line.

In addition, the following directions can aid you in

inputting data:

1. If you make a mistake in inputting data on a sheet and

you have not left the line containing the incorrect
information, you can correct the error by backspacing
and typing in the line again.
If you have left the line with the 1incorrect
information you cannot correct the data in the input
mode. You must continue and go into the update/modify
mode to later correct your errors. You can, however,
eliminate the entire input sheet by typing in at any
time.

2. You do not have to fill out all of the items in the
data input sheet. Fill out as many items as you can.
You will have an opportunity to add to the data sheets
later.

3. The data input sheets will have a listing of possible
answ~rs and/or a range of legitimate values for many of
the data items.

4. To obtain additional guidance in filling ou:. the data
sheets, particularly in using output from other parts
of the data base to help you fill out information,
please see your users manual, section__ .

(User would be sent tc frame 4-11)
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Mode: Update/Modify Frame 4-11

Title: Data Sheets

(The user would now be presented with the data sheets which
When he completed one

he had selected to update or modify.
After the final one, he

sheet, another sheet would appear.

would go on to frame 4-12).
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Mode: Update/Modify Frame 4-12

Title: Output

Do you want a printed output of the input data sheets you
have just modified or updated?

1. yes 2. no

(Assume user answered "yes".)

The computer will remember that you want an output of this
information. You may continue to input additional system
elements. When you have completed inputting data, you can
enter the output mode and have this and any other
information you have input printed out in hard copy.

(After answering this question, the user will be sent to
frame 4-13)

4-49

ErS—




Mode: Update/Modify Frame 4-13
Title: Impacts

Do you wish to see what other data input sheets are impacted
by the changes you have made? It is highly recommended that

you consider these impacts.

l. yes 2. no
(If user answers "no", he is sent to the next frame. If he
answers "yes", the following information appears on the

screen.)

Listed below are the data input sheets which are impacted by

the changes you have macde.

Data Data
Sheet Elements Sheet Number of Modified
Type Number Impacted Sheet Producing Change

(After viewing this information, the user is sent to the
next frame, 4-14)
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Mode: Update/Modify Frame 4-14

Title: Reinitialization of System

Do you want to continue in the update/modify mode?

1. yes 2. no

(If user answers "yes" he is sent back to frame 4-1. If he
answers "no" he is sent to frame 4-15.)
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Mocde: Update/Modify Frame 4-15
Title: Storage

Do you wish to store the data items you have changed?

1. yes 2. no

(If user answers '"yes", the system will check to see if user
has been cleared to store data of that type. If he has not,
a message will appear on the screen telling the user that he
has not been cleared to modify and store data of that type
and he will be asked to contact the data base director or

the SDT management group. If he answers "no", he will be
sent to frame 1-4.)




Mode:

Output Frame 5-1

Title: Introduction

The SDT can provide five major types of output:

1.

2,

Specialized SDT output - These are specialized output

reports that you may have constructed in examining the
system (Mode 1), inputting data (Mode 3), or
updating/modifying the system (Mode 4). These
specialized reports allow you to examine the specific
subsets of information you chose to examine, the input
data sheets you have just entered into the system, or
the data sheets you have just updated or modified. (If
you have indicated you wanted output in previous modes,

you must select this option to obtain that output.)

Standard SDT Outputs - The SDT has a series of standard

reports for representing the types of data that users
are mest likely to request. If you are in doubt as to
what type of output you want, it is recommended that

you select this option.

SDT Block Diagrams - The SDT has the capability of

printing out Dblock diagrams for selected types of
system relationships. The type of block diagrams which
are available are (1) hierarchical block diagrams for
representing hierarchical relationships among system
elements, (2) activity flow diagrams for representing
sequential relationships between system elements or
functions, and (3} information flow diagrams for
representi.,a the flow of inputs and outputs among

system elements.
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Mode:

Qutput Frame 5-1 (cont.)

Title: Introduction

You may not have the capability for obtaining block

: ;
cystexm.  If you zelect this option and

diagrams on your czysitem. If vyou zselect this
do not have a block diagram capability, your output
will be sent to either the DBD or SDT Management Group,

who will in turn send it to you at a later date.

ETES Formatted Output - The SDT has the ability to

produce output data in formats which are congruent with

the input requirements of other ETES tools.

Acquisition Document Formatted Output - The SDT has the

ability to output data in formats which are congruent

with selected Army acquisition documents.

(User would be sent to frame 5-2)
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Mode: Output Frame 5-2
Title: Selection of Output Formats

Listed below are the output reports that are available. Type

in the numbers of the output reports you want.

N §

Specialized Output Data Standard SDT Data
1.1 Examined Duty 2.1 Tasks by MOS, Duty
Position

1.2 Input Data
1.3 Modified Data

1.4 2.4

ETES Formatted Outputs Acquisition Doc Formatted
Outputs

4.1 £.1

4.2 5.2

4.3 5.3
5.4

Block NDiagrams (please select a number and a letter- for each
diagram you want)

3.1 Hierarchical A. Functions
3.2 Activity Flow B. Design Concepts
3.3 Information C. Tasks
D.
Numbers

|
Selected i
|
]

(user would be sent to frame 5-3)




Mode: Output Frame 5-3

Title: Selection of Alternatives

T.ieted bhelow are the major design alternatives for your

system.

Listed below are the outputs you have selected. For each
output, please type in the number associated with the design
alternatives for which you would like to see the designated

ouput.
ID Number of Design Alternative(s) You
Output Would Like To See Output For

(User would be sent to frame 5-4.)




Mode: Output Frame 5-4
Title: Output Location

Unless otherwise specified, the SDT will print all data on

your p block diagraiis, whiich you imust lave

outputted at the DBD or SDT Management Group facilities.

In the spaces provided provided below, please type in the
number of the additional location (DBD, SDT Management
Group, or other) where you would like to have your reports
outputted. If you are happy having the reports outputted on
your printer, you can leave the space blank. However, if
you are requesting block diagram output, you must specify
where you would like the diagrams output. The codes for

location sites are:

1. Your site

2. DBD for your system

3. SDT Management Group

4. Other (must ce prearranged with the SDT Management
Group before attempting)

In addition to an alternative location, you may also want to
specify an alternative medium for outputting your data such
as tapes or discs. Also in the spaces provided below please
write down the number of the alternative medium on which you
would like to have your output listed using the following
code:

1. Tape
2. Disc
J. Card

4. Other (must be prearranged with SDT Management Group)

s el




Mode: Output Frame 5-4 (cont.)
Title: Output Location

If you are happy with your printer as an output medium you
dc not have tc type in anything. Do not attempt &0 unse an
output medium with a site unless you are absolutely certain
that the site has the capabilities for that medium and has

been warned of your use.

Output Alternatives Location Number Medium no.

(User would continue onto frame 5-5.)
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Mode: Output Frame 5-5
Title: Output

(At this point, the user would receive the printed output he
requested. The block diagrams would be output at the DBD or
SDT management group's facilities. The user would have the
capability of interrupting the output at any time by
pressing a ~--,in which case frame 5-6 would appear on the
screen. If he did not interrupt, 5-6 would appear when he
finished.)
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Frame 5-6

Mode: Output

Title: Reinitialization of System

Do you want to continue in the output mode?

l. yes 2. no

(If he enters "yes" {l), he is sent to frame 5-1. If he

enters "no" (2), he is sent to frame 1-4.)
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4.8 INITIAL VERSION OF SDT

The previous subsections outlined the features of the
complete SDT. This system is designed to provide an optimal
tool for meeting all of the SDT requirements. It is
unlikely that the optima. SDT can be fully developed within
the confines of the present study. Hence, it is necessary
to identify an initial SDT which can be used to demonstrate
the SDT capabilities and test out key concepts before the

optimal SDT is constructed.

More details on the characterics*:ics of the initial SDT are

presented in the subsections whiia follow.

4.8.1 Characteristics of the Initial SDT

The initial SDT will differ from the final SDT in four major
areas: expected users, input capabilities, output

capabilities, and the range of system items to be described.

4.8.2 Expected Users

For the development of the initial SDT, the contractor (DRC)
will assume the role of both data base director and SDT
Management Group. Thus, the initial SDT, unlike the optimal
version, will be designed for two, rather than three, user

groups.
4.8.3 Input Capabilities of SDT
The final SDT will have the capability of inputting three

different types of data: batch input of SDT data sheets,
interactive input of SDT data sheets, and batch input of




related data. However, the initial SDT will only have the

capabilitv for interactive input of SDT data sheets.
4,8.4 - Output Capabilities of SDT

The final SDT will have the capability of producing five
different types of output: (1) Specialized SDT Output for
describing subsets of data examined, inputted, and
modified/updated by the user, (2) Standard SDT data lists --
a series of reports listing the types of data which users
are most likely to reguest, (3) SDT Block Diagrams, (4) ETES
Formatted Output, and (5) Acquisition Document Formatted
Output. The initial SDT will only provide a capability for
producing (1) the Specialized SDT outputs and (2) Standard
SDT data lists.

In addition, the initial SDT will not have the capability of
outputting data to tape, disc, or alternative media. It
will only have the capability of producing standard printe:
output.

4.8.5 System Clements Described in SDT

The initial SDT will attempt to describe all of the SDT
system elements specified in Section 2. However, it will
not be possible to describe all of the elements in the
initial version of the SDT. The schedule for including the
various system elements in the SDT will follow the
priorities outlined in Section 2. It may not be possible to
complete this schedule within the confines of the present
study. In that case, items labelled “"priority 3" may not be
included in the initial SDT.
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4.8.6 Other Characteristics of the Initial SDT

Because it is the "first cut" at the SDT, the initial SDT is
also likely to have other limitations. First, it is likely
that the SDT wuser interface will not be as smooth,
efficient, and transparent as the ultimate SDT interface.
Second, the documentation for using the SDT will be in draft
form only and is unlikely to be as comprehensive as the
documentation for the prototype. This draft will be
constantly updated and refined as the study progresses.
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